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T^g«ic„on-h„mn»im^ capable of producing l^e^log^^-n^ 

TECHNICAL FIELD 
The invention «l«as to transgenic ndn-huMn 
eniBals o.p.bl. o. producing heterologous -tihodies, 
trensgenes used to produce such ""''^"^ 

transgenes capahle functionally "'""J^.;,,^:*";,,!. ^ 
D a«.e in V-D-J recombination, i-ortalized B cells cap 
l^.^ heterologous antibodies, methods " 
"reducing heterologous antibodies of -ultxpl. .sotyp.., 
Lthods and transgenes for inactivating cr -PP'"^' 
expression of «.iog«>ous i««n=globulin loci, ».thods «.d 
for producing heterologous ^^-^^^;tZ"' 
variable region sequence ooBprls.s .o»atlc -station a. 
^red to germline rearranged variable "'-^^'-^^gT 
transgenU nonhu«an animals which produce 
human primary sequence and which bind to human antigens. 

BXCKCROOIIO OP THE ISVENTIOH 
one of the ma^or impediments facing the d.v.lop.«.t 
of In SiSfi therapeutic and diagnostic applications for 
monoclonal antibodies in human, is the 

immunogenicity of non-human immunoglobulins. '""^ f " 

Lmuncccpetent human patients are 

doses Of rod«>t monoclonal antibodies, the pati«.ts prod«^ 
antibodies against the rod«,t immunoglobulin sequences; these 
::^.nti-mLe antibodies ,H««, neutralise th. therapeutic 
i antibodies and can cause acute toxicity. Hence, it 

^drable to produce human immunoglobulins that are reactive 
trtTS^mc \uman antigens that are promising therapeutic 
^/or diagnostic targets. However, producing human 
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ilically-With HUBan antigens is 

p^obleBatic. generating monoclonal 
^ The present technology 

r^i-ra-exposing, H-^ . « <«p11s from 

„tiWdies involves pra .xp ,,„es^xn9 B-«U 

s (usually a ra* or -ouse) - ^^,,,,„.. denes, 

that ani«al, and generating a „ bi„aing 

Tcreening a -^-^^^ ^'T^: ^^..^ «l=^u - 
3,e=«i=i« (idiot^^. ana;- „,.ri.o»a cXcnes 

class (isotype), it i= P „titody. 
,0 «>at secrete the ^^f„, Uods tor generating 

However, "hen P«"" . purpose o£ 

^noclcnal antibodies are -^^^^^ ,,„ii„g specifi=itie= 
Tneratin, hunan antihodies that ^ 

Lr hu»n antigens, obtaining = „U1 
,5 hu:«n i»unoglohalins ^J^^/^^^, „,^st self-antigens . 

t^ically not o. with 

Hence, present «r,ecif ically reactive wi 

innal antibodies that are specxfi ^.^^^^ 
monoclonal an^-^ insufficient, i^ , 

«.ti,«.s are ol""^^^;^", monoclonal «.tlhcdies to 

- - — ^^^^^^^ r n::.:^ 

^onal -terologous ^»-^-^;^^ he 
„ Which antibodies reactiv^ «,ression ot 

^ .J However, m wwidoma clones 

.Icluy useful antibodies, or Wbria 
therapeuticaiJ-y transgenic anxm 

producing such ' *^-^ie of maturing through the B 

'^sg«.io B cells that »" "'"^^^^^ ^turation requires the 
,0 Whocyte ^ovelop^ent Pa*^y- 3 however 

-prienoe of s»rf«e IgH on the ^„.peuti= uses. • 

■ isotype. other than «« J^^s Tv^r 
B^us, there is a need for tr g ^^^^^^ ,,„ctional V-D-J 
such transgenes that are able diversity and 

. 3S "tange.ent to^^ ^ ^u:: transgenes - 
junctional diversity. ^ .^ting sequences that 
Li^ls preferably i^^-^^nr^: a first isotype that is 
tacUitate isotype switching 
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required for B cell saturation to a subsequent .isotype that 
has superior therapeutic utility. 

A number of experiments have reported the use of 
transfected cell lines to determine the specific OKA sequences 
5 required for Ig gene rearrangement (reviewed by Lew.s and 
Gellert (1989), C^, 59. 585-588). Such -P°rts have 
identified putative sequences and concluded that the 
accessibility of these sequences to the recombxnase enzymes 
used for rearrangement is modulated by transcription 
10 {Yancopoulos and Alt (1985), Cell. AO, 271-281). The 

I^ences for V(D). joining are reportedly a highly conserved. 
near>palindromic heptamer and a less well conserved AT-rich 
nalL separated by a spacer of either 12 or 23 bp (Tonegawa 
(1983). 57.5-581; Hesse, et a 

15 Esv.. 2, 1053-1061). Efficient recombination reportedly 
t;:^s only between sites containing recombination signal 
sequences with different length spacer regions. 

ig gene rearrangement, though studied in tissue 
■ culture cells, has not been extensively examined in transgenic 
20 mice, only a handful of reports have been published 

describing rearrangement test constructs introduced into mice 
CBuchini. et al. (1987). m^. 221. ^09-411 (-rearranged 
chicXenX transgene); Goodhart, et al. (1987) > Pror ^1. 
..1. USA . M, 4229-4233) (unrearranged rabbit . gene), 
25 InreruggeBann. et al. (1989). Tl ^r ml f^ r .i, ,<,i, m . 
6709-6713 (hybrid mouse-human heavy chain) ] . The results of 
such experiments, however, have been variable, in some cases, 
producing incomplete or minimal rearrangement of the 
transgene. 

30 Further, a variety of biological functions of 

antibody molecules are exerted by the Fc portion of molecules, 
TcfL the interaction with mast cells or basophils through 
Fee, and binding of complement by Fcm or Fct, it further is 
desirable to generate a functional diversity of . antibodies of 

35 a given specificity by variation of isotype. 

Although transgenic animals have been generated that 
incorporate transgenes encoding one or more chains of a 
heterologous antibody, there have been no reports of 
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=„ccessful .isotype 
inaous transgenes that undergo s .^^^^^^ 
heterologous T;ra» .^,1= that cannot swj. 

switching. Transgenic „tibcdi« of a sin,l. 

. isotype, '^tilrf r B cell saturation, such as 

5 isotyp. that is Umited tnerap^utio utili 

and possibly 1,0, *.o. .ay - i^uno,lo.uX.n 

r afd i::::- - ru rerop^^t to ^ 

" Bassd on tns f or.,o.„,, t ,,,^oXo,ous 

for .sthods U W ,ensti= s.<^eno.-^ « 

„tibodi.s, s.g. °" i„ a second spsoies. «or. 

"i,., spscles that are ^'"^^'"^^ £or heterologous 
,3 p^icuiariy. there is a need in^^ ^^^^^ are 

Lunoglobulln trans,enes ,,„e rearrangement that 

„,ahle of undergoing fun-- ^ „ 

^^-rates all or a porcxo" further, there 

rlX^" reoo-^inationa^ ^t 'a^^enlT^i-" that c«> 
,0 nod in the art ^ "^^jrndTsotype switching so that <1, 

support -^I'^^Z.. «y — '1, « 

.actional » ='^i.*^r,\:,„oio,ous antibod.es »y^ 
therapeutically ^ j„ a source of B ce 

TtTL : that produce ---^^.^ 

25 can b« used to Mice ny j^^gnostic use in the P 

antihodies for therapeutic or gh ^ „«rolo,ou. 

,^ies for Which they a"J"^f ,^^ional V-D-J 
i^oglohuXin ^an^en-^^^^^^^^ switching could 

recombination and/or cap 

30 tultiU these needs. ,<,regoing °M«=t ""^/"^^ ^ 

Xn.accorda.c-^^^'^^^*, producing 
■ nonhuman animals are provi „til.ody. 
heterologous antibody such a. a^ 

" I^rC^antibodies wh-^^^^^^^ specific for a 

to provide a source of a mo 
particular antigen. 
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in accordance with this foregoing object, it is a 
further object of the invention to provide ^V^-^^^^^ "^^^ 
that are capable of producing such heterologous monoclonal 

antibodies.^^^^ ^..ther, it is an object herein to provide 
heterologous unrearranged and rearranged iMnunoglobulin heavy 
and light Chain transgenes useful for producing the 

methods to disrupt endogenous i^nunoglobulin loci in the 

transgenic animals. ^-riviHe 
StiU further, it is an object herein to provide 
..thods to inauc. heterologous antibody production xn the 
aforementioned transgenic non-huBan animal. 

■ A further object o£ the invention is to provide 
methods to generate an i„uno,lobulin variable region g«« 
se^ent repertoire that is used to construct one or more 

transgenes of the invention. _ .„vid»J solely 

The references discussed herein are provm 
for their disclosure prior t= the filing date of the present 
eppliction. nothing herein is to " "^^^^/'j:,.,, 
admission that the inventors are not entitled to 
disclosure by virtue of prior invention. 



" SOmORX OP THE IHVHITIOM 

Transgenic nonhuman animal, are provided »hich are 
capable of producing a heterologous antibody 
antibody. such heterologous antibodies may be of -^lous 
30 Uotypes, including: IgGl, IgGJ, Ig<=3, 19«, H"- ^9*2, 

^ igo. of I,., m order for such transgenic nonhuman 

to maxe an immune response, it is necessary for the 
^tgLic B cells and pre-B cells to produce ^'^'-^^ 
t^lobulin, particularly of the IgH 
3= isoty^, in order to effectuate B cell development and 

Ll^lstimulated maturation. Such «q?ression of an IgM (or 
■ ^0 «rf!~-iound immunoglobulin is only required' during the 
^tU"«imul.ted maturation phase of B cell development, and 
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although only a- 

,i„,le switched Uotyp. • V „iU produce 

Typically, » cell ..though cU or trans 

,„ly a sin,la isctype at a t- a t.o^, ^^^^^^^ 

, alternative RH. .) f=r»s, and the . and » 

(secreted ^) and ^„ <-'*'^^^ „ <,„„te:.poraneous 
LunoglCulin chains, .ay lead to ^^^^^^ 
e,:p.essicn of nultiple isotypes y „„itiple 
i„ order to produce "-'^"^Xrap^tically useful 1,0. rg^, 
isotypes. specif icam the - - switching 
and IgE isotypes, it ^= classical class- 

occur, such i"^-- r rlr .ore ncn-classical isotype 
switching or may result fro _ 

switching mechanisBS. heterologous immunoglobulxn 

• The invention provides harboring such 

15 ^^r^^r• nonhunan animais 

0:.„sgenes «.d ani-al is cap.J.le of 

„>^genes, wherein the trans^en^ ^^^^^^ ^^^^^ ^ 

producing heterologous uotyp. switching 

. ^iergoing isotype ^-^"^^ ^^^^ i„volve at least one 
„ cco^s hy -""^^"""""^Te «ansgene. Kon-classical 
switch sequence region inthe ^^^^^^ ^.^ologou. 

isotyp. switching »y occur by, 

reco^inaticn «tw.en -^ '^ ^o^^la^sical switching 
associated deletion) . interchromosoMl 
„ »=hani.». such as ^'and effectuate iso^e 

„co.*ination. «.ong "/„„sgenic nonhusan ani»al. 

switching, such "'i^^ that is necessary for 

produce a first i-uncglobulin ^^^ch to encode 

lUen-sti^ilated B re^ologous isotypes that 

30 and produce one or Bore subsegu»t ^^^.^ 

Have therapeutic and/=r a^e to produce, in 

,=^^an animals of ^\^Z;^Z^,^o^.. that are 
o„ a^odiBsnt, lg<!, ' , sequences and which 

. encoded W hu..n ^^'^"^^^J^Zi^ nigh affinity. 
,5 also bind specific human »««ens « „ „^ „ch 

,rhe invention also '"=°°^"/"^ressing heterologous 
transgenic ani.als that ^^^^^^^^^.^ B-cells are 

antibodies of various isotypes, 
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i^ortalized to provide a source of a ^"^^^"'^^^^^ 
specific for a particular antigen. Hybridoma cells that are 
derived froB such B-cells can serve as one source of such 
heterologous monoclonal antibodies. 

The invention provides heterologous unrearranged and 
rearranged immunoglobulin heavy and light chain transgenes 
capable of undergoing isotype switching in vivo m the 
aforementioned non-human transgenic animals or m explanted 
lymphocytes of the B-cell lineage from such transgenic 
a^Lls. such isotype switching .ay occur spontaneously or be 
induced by treatment of the transgenic animal or explanted B- 
lineage lymphocytes with agents that promote isotype 
switching, such as T-cell-derived lymphokines. (e.g., IL-4 and 

I FN 

■ still further, the invention includes methods to 
induce heterologous antibody production in the aforementioned 
transgenic non-human animal, wherein such antibodxes may be of 
various isotypes. These methods include producing an antigen- 
stimulated iranune response in a transgenic nonhuman anx»al for 
the generation of heterologous antibodies, particularly 
heterologous antibodies of a switched isotype (i.e., igG, IgA, 

and IgE) . ^ ^. 

This invention provides methods whereby the 

transgene contains sequences that effectuate isotype 

switching, so that the heterologous immunoglobulins produced 

in the transgenic animal and monoclonal antibody clones 

derived from the B-cells of said animal may be of various 

isotypes. ^ 4. 

. This invention further provides methods that 

facilitate isotype switching of the transgene, so that 

. switching between particular isotypes may occur at much higher 

or lower frequencies or in different temporal orders than 

typically occurs in germline immunoglobulin loci. Switch 

regions may be grafted from various Ch genes and ligated to 

other Ch genes in a transgene construct; such grafted switch 

sequences will typically function independently of the 

associated Ch gene so that switching in the transgene 

construct will typically be a function of the origin of the 
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. . Alternatively, or In c=..*lnatl=n 
associated switch deletion ,.<r^=n=es «y be 

with switch seT^ences, «-a"o „„„.^i„sical switching 

Uh):ed to various C„ " ..associated deletion 

by deletion o£ sequences betwee that a 

, se^ences. Thus, a tr.ns,ene -ay be 

----r Je .recently than occurs when 
and thereby is switched ,^ 

naturally associated ^-'^^ J^^^ „,^„,s to determine 

^is invention • ^,^„„s has occurred 

Whether isotype -^"^-/J ^ i„uno,lohulin transgene. 

m a transgenic animal ""^^^ J^„,„„,io.„lin transgene 

''%'"':rr; =-cin, i^unclcbulin transgene 
constructs and . °''^^„„ij, a subset of gennli^e 

constructs, some o£ which """^ ^,i„ae deletions) . 

^gxobulin ^^^^-rJ^ tJ^ «r facilitated 
tte invention ^"-"^"J' i^noglobulin transgenes, 
cloning and construction of 

involving a vector that '-P^^"^' "^^f sites. This 

.estricticn sites ^ ™° ^.^mi of xhol and «1I 

,0 aethod e:cploits the ^b-^^^^^^'f ^.ating large constructs 
restrictions sites and is uset £„g.ents in a 

^ ordered concat«..ri«tlon of restri 

^e transgene. of the — ,Te»ro:.Ta7iabl. 

.ai„ transgene c---^;- rs^nt. on. joining gene 
gene segment, one diversity g ent. The 

Lgment and one — ^^^^::::/,re col^rises OK. encoding at 
i^unoglobulin light ^^^^^""^'^^^ j,i,i„g gene segment and 
least one variable gene segment 3 ^^^^^^^ ^^^^^^^ 

30 one constant region are heterologous to 

ti^e light and heavy chain gene gm ^^^.^^^ 

the transgenic non-human ^^^^^V' ,„j,^un heavy and light 

or correspond to, OK. o. the 

chaii^ gene segments from a speci ^^^^^^ invention, 

35 transgenic non-human animal^ individual gene 

the transgene is constructed su ^^^^^^^^ 30 as to 

segments are unrearranged , i.e. , ^^^^ suci 

encode a functional immunoglobulin lig 



n 
1 
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n^^rnit recombination of .the gene 
unrearranged transgenes permit re ^^^^^^^^^ of the 

segments (functional rearrangement) ^^^^^^^ [ 

.efultant rearranged ^^^l^^^^^l^^^^^^^ Ll is 

within the transgenic non-human animal when 

exposed to antigen. invention, heterologous heavy 

» facso of heavy chain, D) segwe"^ 

) the case or nea y -^^^.^„n such fragments also 

comprise a substantial portion or T:n ^^^-tructs 
in one embodiment, such transgene constructs 

o rr taromoters, enhancers, 
=o»prU. re,ul.t=ry ^J^t^. lilce, 

S Class switch rs,i=ns, ""/^^ .sterolc,ou= DHA. 

corresponding to ssquences dtrivea ^ incorporated 

Alternatively, sach regulatory sequen j of the 

into the transgene fro. the s... - » 

non-hu^n ani^l used in^he — ^ - ^^^^^^^^ 
'-T^:^:^^" -ancer serene, .or use in a 

transgenic mouse. transgenic non-human 

in a method of the invention, a transge 

ani.1 oontaining g.r.lin. :i:'::Zr^ 
„ i^clobulin tr««genes - th« und , ^ 

:=r:ra :.rerro:s .«-y in a ..condar, 
rep«:toire^.ll. ^^^^^^^^ ^^^^ 

tsods toTisrupt the endogenous i^nunoglobulln loci m the 
30 methods to i"""^ invention. Such vectors 

non-hu»an animal to be used in . positive-negative 

. and methods utilize a transgene, Pref-»"» ^ 

.election vector vhi^ ^= J^^^r .tl^s eLding 

■ — i:re rerrit-— „d clt^nt ,ene 
segments. In this aspect of the invention, the 
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p..itiv.-n.,a.iv. 7;;-..»an attar wUch 

Tna aB.ryo„ic a«. ceU ^;;;;^,,,„.„e,«iv. --^^^^^^ 

resultant transgenic non ^ ^^.^^.^ediated XBBune 

an iTnmunogxoo^-^. vector 

^-r.rr:"- rrr — a..a.s 

.0 r-ea«e. - .^^ ^ tT^^I^a i»uno,.o.uU. .eav. ana 
used as the recipient or 

liaht chain transgenes. vectors, methods, ana 

The invention also provid- 
..itions useful for suppressing tn ^i^^^pting an 

„ ;::-:s-rr^::-— ^^^^^^^^^ 

accompli-shea i^in^\\v hybridizes -co 

„Usen=e '^'tfr^iensa =2i,onu=laotides U>at 

spaci^ically ,,,, .ind specifically 

s«iuenca, an I ^ pUda. „c.vidad solely 

endogenous IT o""-" ,,.™.sed herein are provi 

The references dxscass ^^^^ 

,5 for their disclosure prior to th ^^^^^ . 

-""""-atr i— - - --"^ " 

rcrot^et vir«e of prior invention. 
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BRIEF DESCRIPTION OF THE FIGURES 
Pi,. 1 depicts the complementarity ^^ter..n-g 
.nn, !nH CDR3 and framework regions FRl, FR2, 
regions CDRl, CDR2 and CDR3 expressed 
«nd FR4 in unrearranged genomic DNA ana 
5 FR3 and FR4 m u heavy chain gene, 

from a rearranged immunoglobulin heavy 

Fig. 2 depicts the human X chain locus. 

na 3 depicts. the human . chain locus, 

Pi!* depicts the human heavy chain locus 

Fig. * transaene constiuct containing a 

Fig. 5 depicts that contains 

ecntaining the ^ -in 

.3 locus d^pii:!;;.:: 

V,. ,.,=,v7 of in vivo homologous 
transgene by way of m ^ . ^^^ion of pGPl. 

contained in pGPl. ^„„ts used to construct a 

20 ng. 9 «aepicts the fragments used 

Human heavy chain ™— ^^^^^^^^ pHIOl and pCOHX. 

• ng ix depicts the human C.l fragments which are 

— Ti: Td^ctit^^^^^^^^^^^ - - 
z. .3 deUs the ^^;z'::z::r^ - 

region segments used in construction of the 

invention.^^^^ 14 depicts the construction of pHIG2 (D segment. 

30 fragments covering the h,»an 

l.nts used in constructing a transgene of 
and human Ck gene segments used m 

the invention. _ 
n,. le d.plct. th. .tructure of pE«. 

17 depicts the construction of pKapH. 
ISA trough I8D depict th. construction o£ e^ 
...V. n^Hiv. "Uction vector for functionaUy disruptxn, 
rro;ro::T«v. cn.in i^unclo^lin iocus o^ .ouse. 
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•.^ the construction of a 

Pigs. 19^ through ISC depxct ^^^^^^^^^^^^ ..erupting 

Figs. °^ 

^«vy chain targeting ve=«- .^^^^^ 

j-lg. 22 aapirt' t« P ,j sector pM^- 

Pi,. 23 depicts the structur 

Fig- 25 depicts the 

pHCl and pHC2. structure of PY^z- 

Fig. 26 depicts th pVGEl. 
2. depicts the struc ^^^^^^^ 

Fig. 28 depicts the a i 

e:,.es.i=n in a pHCX -^-f^rcLie c. p.-- 

. ^.ir To - const^ction . svnthet. 

- Chain -a..; r.::«ti= ..P«-^^^^^^^^ 

Fig- 33 depicTis 

Fig. 35 depicts the re 
S „ans,»ic „,„«ntation o. P«»i^ 

Fig. 36 IS 

^ r,«nse of transgenic 

c. the present ^r'-J^^'-Xr^To^^^ . ^ 
J T«M levels specific loj- 
igG and igM lev presence 
35 BSA-DNP (37C) - deiuonstrating the p 

Fig. 38 shows ELISA ^^^onic antigen CEA) 

antihodies that ^----^h U 
and comprise human ^ chains, 
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serial dilutions from pooled serum samples obtained from mice 
on the indicated day following immunization. 

Fig. 39 shows ELISA data demonstrating the presence 
of antibodies that bind human carcinoembryonic antigen (CEA) 

5 and comprise human 7 chains; each panel shows reciprocal 

serial dilutions from pooled serum samples obtained from mxce 
on the indicated day following immunization. 

Fig. 40 shows aligned variable region sequences of 
23 randomly-chosen cDNAs generated from mHNA obtained from 

LO lymphoid tissue of HCl transgenic mice immunized, with human 
carcinoembryonic antigen (CEA) as compared to the germline 
transgene sequence (top line) ; on each line nucleotide changes 
relative to germline sequence are shown above the alteration 
in deduced amino acid sequence (if any); the regions 

15 corresponding to heavy chain CDRl, CDR2, and CDR3 are ^ 
indicated. Non-genaline encoded nucleotides are shown in 
capital letters. Germline Vh251 and J„ are shown in lower case 
letters. Deduced amino acid changes are given beneath 
nucleotide sequences using th conventional single-letter 

20 notatiion. , , ^ 

Fig. 41 shows the data from Fig- 40 m histogram 
formatr deduced amino acid residue position is shown as the 
ordinate (left is the amino-terminal direction, right is in 
the direction towards the carboxy-terminus) and frequency of 
25 sequence variation is shown as the abscissa. 

Fig. 42 show the nucleotide sequence of a human DMA 
fragment, designated v)c65.3, containing a V, gene segment? the 
deduced amino acid sequences of the V, coding regions are also 
shown; splicing and recombination signal sequences 
30 (heptamer/nonamer) are shown boxed. 

Fig. 43 show the nucleotide sequence of a human DNA 
fragment/ designated vkSS.s', containing a V, gene segment; the 
deduced amino acid sequences of the V, coding regions are also 
shown; splicing and recombination signal sequences 
35 (heptamer/nonamer) are shown boxed. 

Fig. 44 show the nucleotide sequence of a human DNA 
fragment, designated vk 6 5. 8, containing a V, gene segment; the 
deduced amino acid sequences of the V, coding regions are also 
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Pig. 45 Show the nuci . _ ^ V gene segment; 

,„^e«, -»i-•"^r"":;=:^^f V. d..., regions are 
= tn. deduced »^-j;=;:„:T.=c^i„a.ion si^al =e,uen=es 

also shown; spU-Cxng 

(heptaBer/nonamer) are shovm boxe ^^^.^ ^inilccus 

"ee: o.e.a... «a.en« 

by tiomo logons reuuiui- 
" rrlCcts .e .e.e„ce o. 

,..Xe . depicts ^e ; ,M and X,. 

Tatle 3 depicts the d.tectl^^ ,„,.„^ion. 

in the serm. ol c« VDJ 3=^-"- 

(PEL) . . . distribution of D segments 

Table 6 depicts the distri ipts to D 

C^B^^- .^s the length of the CDR3 peptides from 

Table 7 depicts the leng transgenic 
•-hh in-frame VDJ joints in the pn 
25 transcripts with m tram 

„ouse and in hman PBL. ^ amino acid sequences 

Table 8 depicts the P^^'^^^ ^^^^ ^ pHCl 

• -FTom 30 clones anaiyzea 
of the VDJ regions from J" 



30 



transgenic. ^,„s«enic mice of line 112 that were 

Tahle 9 shows transgenic ^^^tes the presence 

„sed in ^e indicated ' .^..^^tes that the ani-al is 

homozygous for tne 

ornlL^ DESOTK ^^^^^^^^^ 

« ha. been '^1'="="^ „„tlve with specific 

produce h»an --ttT^isin ^^'^ 
human antigens that are p 
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aia^ostic targets. However, producing hu.an ^^Z"^^^^ 
that bind specifically with hu.an antigens .s probleBatxc. 

First, the iiDmunized animal that serves as the 
source of B cells must r»a)ce an imaune response ^^ainst the 

5 presented antigen. In order for an animal to ma)ce - --e 
Lponse, the antigen presented must be foreign and the anxmal 
.ust not be tolerant to the antigen. Thus, for --P^^' 
is desired to produce a human monoclonal antxbody with an 
idiotype that binds to a human protein, self-tolerance wxll 

,0 preveft an immunized human from making a substantial .mmune 
response to the human protein, since the only epitopes of the 
Intigen that may be i^unogenic will be those that result from 
polymorphism of the protein within the human population 

'^^^^^'l^:"^^ animal that serves as the source o. 
B-cells for. forming a hybridoma (a human in the illustrative 
aiven example) does make an immune response against an 
i:rentic self antigen, a severe autoimmune disease may result 
in the animal.. Where humans would be used as a source of B- 
20 cells for a hybridoma, such autoimmunization would be 
considered unethical by contemporary standards. 

one methodology that can be used to obtain human 
antibodies that are specifically reactive 

is the production of a transgenic mouse harboring the human 
25 immunoglobulin transgene constructs of this 

Briefly, transgenes containing all or portions of the human 
i^unoglobulin heavy and light chain loci, or transgenes 
containing synthetic "miniloci" (described infra. - 
PCT/US91/06185 filed August 28, 1991) which comprise essential 
30 functional elements of the human heavy and J^ '^ 

are employed to produce a transgenic nonhuman animal. Such a 
transgenic nonhuman animal" will have the capacity to produce 
immunoglobulin chains that are encoded by human immunoglobulin 
genes, and additionally will be capable of making an immune 
35 response against human antigens. Thus, such transgenic animals 
L serve Is a source of immune sera reactive with specified 
human antigens, and B-cells from such transgenic ^--^^ 
be fused with myeloma cells to produce hybridomas that secrete 
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„o„==l=nal anUboeies - J „i.. .u.an antigens- 

The production \^^„ „p„rted previously. 

5 Larran,ed «u=e "^°"^;',^:,,„i= .ice. m addition, 

..ve been used to P"^"^ JJ^', ,,„es including the . =r .1 
functionally "-^^"'^^^HX^eled in transgenic BiCe. 
constant region have been «P ^^^^^ 
However, experiments - ^/'^^^..^^n^ed, 

,0 unrearranged ('-""^^^^'/.^^^e cases, producing inco.pl«^ 
genes have been t^^^. „ans,ene. However, there are 

Ir BinlBal rearrangeBent of the ^^^^^^ -rearran^ 
publUhed °:/::rcI undergo suc=e»«l isotype 

i^unoglobulin trans,- ^ 

15 switching between c, gene 

„ used herein, the polypeptide chains 

glycoprotein ccprUing at least two -g^^ 
" U two heavy P=^"'^*f;,„f r: riable region (generally the 
polypeptide chain. ' polypeptide chain) which 

Life terBlnal portion o£ ^^'^"^fj.ots with antigen. Each 
contain, a binding "^"'i,. chain. al.o comprises . 

„ of th. heavy and light P^^ePtl ^^^^^„,ly 

con.tant region of ^'^^"^^ ^y ™diat. the binding cf 
carboxyl terminal portion) whl including 

l^oglobulin to ^0=^^^^^ ,ome phagocytic cells and 
,„ious cell. Of the ^-^f^HUssical complement system^ 
30 the first component (=lg) "'.^^^^^logou. antibody" is def-ed 
« used herein, » " organism producing 

i. relation to the "a-^^^ ^s an antibody having an amino 
such an antibody. It is defined corresponding to 

acid .eguence or an '^'^^Zr.^'^i-^ °' 
35 that found in an =rg«>is. not con 

„o„.human animal. .^rtwrohyhrid antibody" refers 

„ used Chain, cf different 

„ antibody having a light 
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organis.al origins. For example, an antibody having a hu»an 
Jvy Chain associated with a .urine light chain .s a 

heterohybrid antibody. antibody 
AS used herein, "isotype" refers to the antibody 
5 Class (e.g., IgM or IgG,) that is encoded by heavy chain 

constant region genes. 

is used h«:eln, "isotype switching" refers to the 
phenoBsnon by which the class, or isotype. ot an antxhody 
Ganges from one Ig class to one of the other Ig classes. 
,„ « used herein, "nonsvitched isotype- refers to the 

w «*,m^n <-hat is produced when no isotype 
isotypic class of heavy chain that is pro 

switching has taken place; the Ch gene encoding the _ 
onswitcL isotype is typically the ^^-^/h ^-'^"^^^^ 
downstream from the functionally rearranged VDJ 9-";- 

• AS used herein, the term "switch sequence" refers to 
those DNA sequences responsible for switch recombination A 
tnose uwA 1 ^.,,„;^=iiv a u switch region, will be 

"switch donor" sequence, typically a n swi j 
sTa e upstream) of the construct region to be deleted 
L g ;;e switch Lombination. The "-^^ ^ Tn^'t^r 
.0 will be between the construct region to ^^^^^^/^^ 
replacement constant region (e.g., 7, e, etc.). As there is 
no specific site where recombination always ^^^/^^^ 
gene sequence will typically not be predictable from the 

construct.^^ ^^^^ ^^^^^^^ ..g,,eosylation pattern" is defined 
as the pattern of carbohydrate units that are covalently 
a^tled to a protein, more specifically to an ™ 
Uein. A glycosylation pattern of a heterologous antibody 
L be Characterized as being substantially ""^^^^^ 
30 glycosylation patterns which occur naturally on antibodies 
prLuced by the species of the nonhuman transgenic animal 
■ vhenone of ordinary skill in the art-would recognize the 
qlycosylation pattern of the heterologous antibody as being 
rore Silar t'o said pattern of glycosylation in the species 
35 of the nonhuman transgenic animal than to the species from 
which the Ch genes of the transgene were derived. 

j1 used herein, "specific binding" refers to the 
property of the antibody: (1) to bind to a predetermined 
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T St 1 X 10^ vr', and (2) to 
..tigen Wit. an ^^^^f ^J^/^.^rena.ned antigen wit^ - 
preferentially bind to ^^.^ar than its affxnxty 

. *v,t- i<5 at least tvc roxu casein) 
affinity that is at ^^^g^^ (e.g., BSA, 

for binding to a non-specifi 

:.her than the P^^^^^:::^^^^^^^^^^^^^ as used herein as 

The term "naturally ^^^^^ct can be 

.pplied to an ob^ec. refers to , polynucleotide 

naturally-occurring. ^ herein refers to a 

The term "rearranged as ^^unoglobulxn 

configuration of a ^-vy - /^^^ ,^,,,ately adjacent 

, ,ocus .herein a V -^^^^^J^.^^tion encoding essentially 
. =, n-J or J segment in a conform ^.^arranged 

. / V or V, domain. --^P^^^^'^'^. J by comparison to 
^2^^ lo.s;an^^^^ ^ ^ a^least on. 

^ro^^^^eHlp^a^^^^^^^^^^^^^ — configuration 
The term "unrearranged o J^^^ ^^^^^ 

.3 used herein in reference to^^^^ ,o as to 

configuration wherein the 
be i^ediately adjacent to a 



25 



30 



35 



i^^^^^^^i^^-'^^ . ^ .ni»l that 

antibody repertoire, -'"^^J^.^^ within the transgenic 
i„uno,lobuUn transgenes ^,a,«y ol B-ceU 

:rrc= r/r. i::ri:;:rcon.tr.ct.d 

«=ordingly, the "an.5.nes ot O^a 

so as to produce i-*"' "J^^^.f^t^^e specinc a:cpressxon, 
.ouowihr. (X' j^le^t, " a«ivation o. and 

(2) junctional gene rearrang 
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to allelic exclusion, (4) expression ot • sufficient 
„sponse to allelic « „,„,,„,,ion, (6) sortie 

priMry repertoire, (5) sig transaene antibody 

nypernutation, and (7) domination of the transgen 

locus during the im.une response. disclosure, 

« Will he =PP«- ^^i:,. L exa^le. in 

not all Of the ""'""'/^^IL^ iBBUnoglobulin loci 

those e-»di.ents ---^;;;:ri,„,uy disrupted, the 

0, the f^i,:: .11.UC exclusion, ^er. in 

t:ransgene need not acTiivai-«= . ^- a 

Tose e^i^ents wherein the transgene comprises 

f^ctionallV rearranged -^^f,. / rctional gene ^ 

i^unoglchulln gene, the """^ ^"^^ „„,,ene 
rearrangement is unnecessary , at e st f ^^^^^^^^ 
Which I. already rearranged. For backgro 

i^nology. MS. eh i incorporated 

Paul «illia« E.. ed. Raven Press, ».!•. ""i 

■ i^is arr^^ide^ that contain rearranged, unrearranged or 
r^irt oHf rearranged and unrearranged hetero o,o„s 

i^unoglohulin beavy -^-:^-r"a:^:rr h^-in 
germline of the transgen c the 
transgenes comprises at least one c, g^e- I _ 
heavy chain tranegene «.y contain ^^^f °"^'^/„;;^„itchlng 
; sec^enees, Which, are capable o£ i„ 
.f a heterologous tranegene encoding Z^^lZ'^Z nay be 
cells of the transgenic „^ i^oglobulin 

those Which occur naturally in the ^arnli". i^ J 
locus fro. the species that serves ae the eo^ of 
. transgene c. genes, or such »"oh ee^»=» ^J^^ 
fro. those Which occur in the 'P'""^^^^;' "r example ; a 
•transg^,. construct X^^^-::TJr'JZ. a trLsgenic 
huran transgene construct that is "^^^ ^° J witching 
, .cuse .ay produce a higher frequency of ^"/^^'^^ 
events if it incorporates .witch 
that occur naturally in the .ouse heavy 
presumably the .ous. switch sequences are " 
^on with the .ous. switch reccbinase ensy.e syste., 
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not switch sequences 
...reas the huB.n s.i«h cloning »e«.=d=, 

be Ucl=«d '"^^ ""l/Zro^ cverUPPin, synthetic 
or .»y be .ynthesued J' , p„hlUhed se,^ence 

oUgonucleotides designed on „^ ^^icn sequences 

, ^fo.=ation relating « :i:„,-,3i. (i-D .• 

Sideras et ai- r Af*^ — = 

incorporated herein reference ^ transgenic animals, 

For each of the foregoing ^^^^^ 
.^ctionallV -arranged heterologous^h 

i^unoglobuim transgenes are f ^^^^ ^^„,nt, . 

B-cells of the include a heavy 

The transgenes of the in variable 

Chain tr«,sg.ne =-^^=^"'J";j™t, one joining gen. 
15 gene sigBent,. one diversity gene s g. ^^^^^ 

!e,».nt and at least ''"^^^^J ^^rises DKA encoding at 
i„„„o,lobulin light joining gene segment and 

.east one -^--J^^rgl segment. The gene seg^t. 
at least one constant regio g segments are 

.0 encoding the light a- ^i.al in that they 

heterologous to the encoding 
„. derived fron, or ""^^^^jj,,^ segments tro. a 
i^oglohulih heavy ^^^^.^c non-hu.an aniB.1. I" 

specie, not consisting =f "'^^^g^. i. constructed such 
„ one aspect of th. ^--"""•^t.Te Rearranged, I.e., not 
that the individual rrtltional i-unoglchulin light 

rearranged so as to encod transgenes support 

Keavy Chain. Such >-"»^^' ,,^n« (functional 
reconhlnation of the V "-^^^^^ incorporation of all or 
30 re.rrang.»ent) end P^^^'^^//^^ the resultant 

, portion of a 0 ^/^^^^ „,thln the transgenic 

. rearranged irmunoglobulin he vy 

non-hunan ani.al when " the transgenes co^rlse 

„ an alternate typically 
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^ cni ice-donor and splice- 
enhancers, clas= switch "'^"''^•//""^^^ination si,n.Xs 
ecceptor sequences tor BNX ,„i,ed from 

J th. like comprise corresponding segu™" 
end the like, col.p „™ietory sequences My be 

the heterologous DMA. Such "9" ' . ^^l^ted 

S incorporated into the trensg»e «o» th. ^^^^^^^ 

.pedes o. th. ----- : rL^snts My he co.hin.d in 
eM-ple, ---7:-^r lohuUn enhancer segu.nc. for 

a transgene «ith a rodent synthetic regulatory 

us. in a transgenic -""^ * 'f;/;^, '.Ugene, wherein such 
10 ..guencs Bay be incorporated into , 

synthetic regulatory » „eturaUy in 

junctional DNA sequence that s ^ ^^^^^^^ „^ 

the genomes ot mamwls. synthetic gu e«mpl., 

. rcrpe:rr.rp=^^^^^^^^^ « 
— t: — nrrrest^^^^^^^^^^ 

.ntaihing g..^.e ^^^^^^^^^^^ 

Wherein one of the said rransg _^„,^-anaed gene segments. 
,0 segments with the other 'T'":^: Z^Z^^,^^ ^ » 
in th. pr.f.rred emhodiments, ^= „„r..rr««.d 
Haht Chain immunoglobulin transgene and tn. 
^"e is a heavy chain immunoglobulin tr«>s,«,.. 

» To an H Gr r°-^'^^^°" tr,^^i bodies 

Th. basic structure of all immunoglobulins 1. based 
upon a unit consisting of two light P"^"''"- ^^^^ 
hlvy polypeptide chains eg rrth. 

30 r.glons known as th. varaable f^J'^'^ J 

ZZ regL and ^' .'-^;-i:-ZTo: ^^^^'''^^ - 

The constant region for the heavy or g 

3. encoded by .--^ ^ oTa^pr^l^SL 
constant region g.n. "=«' "'^^^^^ i^unoglobulin. 
r.::;re.Thrn::rri:t.ht region g.n. segments 
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,= the use of a 7. , 
r M class of antibody whereas th 
define the IgM class gemnent defines the igG 

.^3 constant regxon gen^ '^^^^^^^^^ igci through l,c;.. 

antibodies as well as the igc; ^-^^H ^,,ion gene segn>ent 

i.rlv the use of a a, or a, cons subclasses 
Similarly, antibodies as weix 

; .ef ines tne I,^ =^"; -*;^^^„„, „,ion gene se,.en« 
and «.e J^^^^., respectively. 

define the IgO e^ii ^"''^'^ ^ the heavy end light 
veriehle regions of ^ ^^^.^^ 

i^nnoglohulin chain. ^^^''"J'^l,^ need for diversity in 
„ .o^ain of the '"'-f^^ J^r pen-it hinding to a wide range 
this region of the antibody to p prijiary 
Tf antigen- the DKA ^-^-^rises a n^=r of different 
repertoire variahle "J^^/t^^^if ic variable region 

segBents derived from £a.ili- of P ^^^.^ 
,Z seg.ente. In the case of th^ J and 
region, s»=n '=°"'^"" I the initial variable r.g«n 

joining m gene "^-^=;,.rhy one V gene segment and one . 
L the light chai. ^' '^f ::l\he family of V and . gen^ 
a«,e segment each selecrted Ir ^ organism. » 

^.ntTcontained in the genomic DMi o ^he 
20 segxaenM cui^**- ,-4ahle region, 

case Of the heavy chain ""^^^ ^ the heavy 

initial or primary "'""^^^.^^ene segment, one heavy 
Chain comprises one "^'^/^t Jd one . gene segment, each 
chain diversity (« "f^^" „ 3nd J f amiUe. of 

j5 selected fro. the ,„oBic D». 

immunoglobulin gene "9"'"" ""J^^ ^i,^ity of se,u«>=es that 
in order to increase the preferable 

contrU.te to foxing '"!^/l„: ^ci--^' se^ence. «at 
that a heavy chain "'""^"^^^^^^^.t that can incorporate 
,0 support functional '-""' ^J/^.^ence in a rearranged v-.-T 
all or part of a D region gene ju ^ ^^^^^ 

,ene sequence. Wi=="^- ,„r mlO-MT Include 

^pressed "ansgene-encoded b«vy ^ „e£.rably, 

recognisable D region '"=^^,^,,„,-.ncoded V regions 
„ ,t least about 10 percent °' .^re preferably at 

include recognisable D "^^"^/^^'^^.erably more than 50 
.east about =0 P"""' "^e Tregion seguences. 
percent include recognizable 
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„^e„=. presen - ^^;„^,„„, „eo.e. such . 
transgene and/or tne ami if a transgene 

„,ion nucleoside ZZr'T^J,...-..^o.e. ^ 

the D .noLte. in the V re,io„ 

containing the sequence 5 TAXOT . 

.atween a V gene segment "'"^"".^"^///region sequence, 
sequence 1. recoqnizaMe as -"-^^ ° ^ a 
speciMcally a ™q=J sequence. S.BUarly 
transgene includes the D region gene DH5», 
ancoaea heavy chain polypep^ .e - - , , 

sequence -DAF- located in the V region ^^^^ 

::::rrre:rre":: raiira . sequence. 

not correspond identically w sequence 5'- 

in the transgene - ^ 0" «.ic. is located in 

CTAAXTC;ggg-3., where X ^J'^J ^ ^ gene sequence 

a heavy chain V region and f lanxea oy 
ana a . region g.n. eequenoe, can - , . 

corresponding to the DHQ=2 ^'^"''"^^ .o;^I-, 
, SiBilarly. tor ex-Bple, ^e ^'^^l^'j;^ on the 
-Dvm-, or -OATDI- located " " ' "'^ .„„a.d by a 

a-ino-terminal .id. by an '^J^^J^f ^, carbo:.yter,inal 
ali: rdTe^r roled by > transgene , gene 

" — 1h"rrrbrcarse\::a:!"L .region 

..ition — — iro-rd^^^^^^ " • 

.5 ..quenoe. An a«ino acid ..,u«,oe is 

recognizable a. a 0 "f^;"/ ; ^ a V gene 
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=r,rp (nucleotide 
^fls bV a J gene sequence ( sequence 

5 sequence) • ..^^bstantial identity nucleic 

The term sue „„ivDeptide sequence ot 

^.s a characteristic of a polypep. ^east 
danotes a ch ! Treference sequence, 

acid sequence, wn compared to a rete ^^ence 

^or.^ sequence identi-cy r percent sequ 

50 percent sequ ^ ^^^^ .east ^^^^age of 

XO and the nuclexc acx ^^^^^^ ^^^^^.e. The P 

..entity compared to a^^^^^^^^^ -ludinq smaU -^^^^^^^ 
sequence identity i ^^^^ent of th 

...iUcns ;;;,:Ue%equence may .e ^ ^u.^^ ; ^^^^^^ 

sequence. The refer . t^owever, the 

20 and preferably ^ _ 

at least 5 ami"" ^,-4.^" denotes a 

js «£««.=• .e,iu=ncs- «.i„o « 

rj^tr.::: ^^^^^^^^ - 

for the £i«t amino a"" .'.otlde substitution. TW^ 

fll«er 6y a smS^' nucleotide s ^^^tantially 
°" " ^sequence -Lys-Glu-Xrg-val i» 

risr;trt.e -rre^:::«a'to -mc-^c-.=c-«.- 

■ 3. se^ence — --^l^^tlon .utatlons. sin,- 
by introducing only 3 s original 
lleotide substitutions in^-^^^^ ^ ,,,,er se^ence. 
The reference sequence may 
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such as an entire D gene; however, the reference sequence 
t least 4 a.ino residues long. Typically, the reference 
sequence is at least 5 a.ino acids, and preferably the 
reference sequence is 6 amino acids or more. 

5 

X^r rriTTi"--Y Pppp^^P^^^ 

The process for generating DNA encoding the heavy 
and light chain i::uaunoglobulin genes occurs primarily xn 

, • R ..lis prior to the joining of various 
,0 developing B-cells. Prior ^^^^^^^^ 

innunoglobulin gene segments, tne v, u, ,„«^.«^- of V 

gene segments are found, for the most part, in clusters of V, 
I J anf c gene segments in the precursors of primary 

= 11= Generally, all of the gene segments for a 

on Tslngle ohrcoscme. such genomic DK» prior " 
.ecoBblnltion of the various , iB»uno,lo.ul.n gene se^nts 

chain genes) gene segments are recou 
rearranged heavy and light immunoglobulin genes, such 
" ctill rearrangement is o. t.e -riahle region^.^ent. to 
form 0-. encoding a functional -ia". reg.^ - - 



form DNA encoaing a j.^^ _4.^^t 

„ ..gm«,t rearrangement process appears to ^ 

Fi«t, heavy chain D-to-J joints nr, made, toUoved by heavy 
v-to^J joints and light chain v-to-a Joint.. The »H» 
rowing this Initial form of a ---- var - ' reg ^ 



encoding tnis „ -functionally 

a light and/or heavy chain is rejerrea 
,0 rearranged Dm" or "rearranged D»«. In the case of ^ ^^^^ 
such Dm is referred to as "rearranged heavy ™* 
Td" the case of the light chain, such DK, is referred ^o as 
"ea^anged light chain DNA". Similar language xs used to 
discrib. the functional rearrangement of the transgene. of the 

" '■"*""°"-«. ..combination of variable region ,«» segments 
to form functional heavy and light chain --i'''^' 
^dieted by recombination signal s«^ences (RSS's) that flenX 
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RSS'S 



d J segments. RSS's 

necessary and suff a^e. ^^^^^ ^^^^^^ 

dyad-sym^errxc h P ^3 base pa^rs ^^^^ ^^^^^ 

spacer region of eirn ^ loci and -P^°^ 

nnserved among the differ fictionally 
' V--) recombination and are f ^, 

out D-J (or oettinger. et al- C ^^^^ 

interchangeable. -^ed therexn. The ^ ^, a 

^°"^^^^rf rconsfrved sequence and -e-;^^^^^^^ ,ound 

, °' Id J segments are again 

on the J. or down ^^^Une D and J segm 

j-,4-eiv preceding the ge <=^T.st the nonamer a" 

immediately pi^" cormences, first; 

" ''SI and ncna.eri= serenes foU- J „ „ 

"'"Tts wtti vU ">ey «=*^"^-,, Hither 1. 
segments wiw sequences are ex 

» =^ : Juon « - rea^-^^^^^^^^ 

, «rther dlv«siW i= ' "d XU" chain W »ay 
r.p«rtoir. of ^ „ ^.„e,n the V and J ^ 

25 uqht chain „=o«binati=n « 9 

owm. SU^ v«i ^^^^^ within th. la=t 

""irfn ru^ht Chain ^^J^To^on o. the . 

TZ V gene segnent and "^V'^^f „„ the heavy 

30 segment. =1 ^tween the D and J, e^ .everal 

'=»7;:7,r„..,.„tides: het^en 

"^^ '17'Z he inserted het-een ^^J ^^^^^l ,enc.i= 
nucleotides may not enc ^.j-egion 

V, and D gene sejente «cwn as « 

„,„.=ription o. 
diversity. ^ ^^^^^^ ^ "Tonr=r .ore constant region 

.4 variable region and one 
the rearranged varia 
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*^r,r, the rearranged variable 

,ene segments ^-^^l^^Z:^:^ w.iC upon 

region produces a primary BKA ^^.^^ ^^^^^^3 ^ 

appropriate T^^A ^P^^'=J"^ J"'^^„,giobulin chain. Such heavy 
full length heavy or Ught — .^..^nee to effect 
and light Chains include a lea i^unoglobulin into 

secretion through and/or xnser ^^^^^^ encoding, this 

the transrvembrane region °f ^.^^^ exon of the V 

signal sequence is of the heavy or light 

segment used to forB the ^-ria ^ ^^^^^ sequences are 

, i^unoglobulin ^-^^^J^l^Z^ro. translation" of the to 
also present in the mRNA t i^^noglobulin 
produce the encoded heavy ^^J'^;^^.^^,,, each other 

polypeptides which upon proper associ 
form an antibody molecule. ^^^geaents in the 

5 . ■ ^"^i: tfand the valiable recombination 

variable region gene segments a production of a 

vhich may occur during such ^^^^ ^.^ell which has 

primary antibody reperto - Genera J. ^^^^^^ ^^^^^ 
differentiated to this ^^^^ ' P ^^^„tiation process, 

.0 repertoire antibody. ^^^^'^ functional 

cellular events occur which suppre ^^^^ contained 

rearrangement of gene ^^^^"^^ process by 

25 allelic exclusion. 

^vnressing immunoglobulins from within 
B-celX ^'°-i;^;^;Z^ ,,i.ary repertoire are 

30 the set of ^^^^^J^r^^^ - foreign antigens. Because 
i^ediately available to P^^^^^ ^^^^^ ^ 

of the limited diversity g so-called primary 

joining t« rmn^,. Two .«-e„. types 

r..ponsc ar. o£ "^'""'^ „.pon».. precursor, ot 
3S Of B-c.il. »•>'• *''";""r.\„l pr.cursor..c£ ..cc„d«y 
primary .ntllo5y-fcr.i"9 " Lu Si'""-"" 

„p«totr. <t ri°:.t:3-;n^1^-..-^^^ P^— 

The first type of B ceii m 
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^ The other B-cells 

molecule on the ^^^^^^ ^^d the sequ 

T^i^tirns to produce » .1.-^ f^^vL,.,,. „,i=n of a 

se(!uencing »°» including the «r 

^ -hwroughout the v rey^ ^2 and cdkj; 

°"T«r/.S determining region. (CDB^. ^ et al. 

' Te^rres nvperveriabl. ^^'^^J^ ,U.X) U.S. 
referred ^^^jj^.2f_lmffiIial2aiaY'';;;;^^on, DC, 

i^orporated herein by r-f ^^^^ *«'",T««e 

- "-n: r fesS: rrr=^-- -^x;-- of 

largely the r ^ "'^tof CDRl, 2 o-^ = 

r^::: :Un - -.rregtirdesignat. - 

„ HO end 1^4. Uaher attinltie. for 

rearranged OSi l» „i.th higher 

...erea X, ./r^^^^^^^^^ expanded ^^^^^^ss.. 

foreign antigen ^r^ ^^^^^^^ ° rex^^ession of 

..cells, ^^:-;Jtelection typically --^^^.^"/L/or 3 
30 antibody. Clonal se ^^^^^i^ the CDRl, 

clones containing new imitati ^^^.^^^ also oc 

However, nutations outsiae antigen 
• regions. Howev , ^.^.^y ^nd affinity 

which influence the sp 



binding domain 
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Transgenic Non-Human Animals Capable 

Transgenic non-hman animals in one asp-t of the 
3 ..ention are pro.ce. . ^^^^ZJl 

animal. The non-hu^an animals ^^^^^ "t/:, rearranging 
generally comprise /.f;: J^/^^^^^^^^^^ antibody 

10 immunoglobulin gene segments to proa delude, for 

.^ponse. SUCK — n ^'-^^^'^JIZ Z^^' 

transgenic cattle, ana • 4-u<» A 

particularly, mammalian species, Known J 
15 particularly preferred non-human anxmal is the 

nembers of the rodent family. ,.«ited to the use of 

However, the invention is not limited to th 
. o Rather any non-human mammal which is capable of 
mice. Rather, any n antibody response may be 

mounting a primary and ^^^^"''^'^^^"^''^^^.^^t^g such as 
,0 used, such animals include ^^^^ „e^s 

chimpanzee, bovine, ovine, and PO-" 
of the rodent family, e.g. rat, as 
pig. particular preferred .niB.1. are .ouse, rat, 

^^r::: TZ mvent^on, vanou. ,e„. 

" ...^f nu... ,.no.. are ue-n -^^^„,, 

Cham tra.»,.n.= In an unrearra„,ed form. J^^^ 

tran.- .r^ -^^^ ..v. 
LtClshaMe from the endogenous " ^ 

„ in an alternate embodiment of the inventi 

..ansgenes comprise --^^^^^^^^^^^^^^ -^nt'irsuch 
immunoglobulin transgenes. f ..^^.^^^nged VOJ or VJ 

transgenes corresponding which are also 

segments, contain immunoglobulin DNA sequenc 
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nous iBnunoglobuim 
• hable from the endogenous 

gene segments in the sequence are a 

^ such differences in ^^^^ 

• .cid sequence encoded ey encoded 
in the ammo acid seq compared to those 

"opes e„»- ^ ;-:,:rr«inin, -e.r.an,- 

«„sg.n^ „ '"ir.lU readily 

U,ht and be=vy ^^^^ ^^^^ nc. v,hi=^ 

5 tra«g«>es has a ™ ,:,-.ounter.d in 

he«rol°9=°» " " tte invention. 



20 



25 



a^d'-one -:rran:,l a«^e.ived 

^ ^onts of said neav^ encoding 

^ ,ene "J"-^ corresponding « . °» ^ 

^,„.uun^^^ :^.arran,ed 
ccn.irtlng of " „ used h«rain, an unr^ 

-;:rtr rr^r re,ron ,.e s^a^. ^ »^ „ 

and at leas ^„ l,»unoglobulin 

ra':r::nrc:rr.s.ondin, to - -::r„„sistin, =. - 

Cl trrilTai: ri,nt 0.^ trans.. iS 
5 non-ti":»a" ani.al in 

""^;ucn .eav. and U*'^:::-^:^:ene se^-nts in 
the invention contain the 
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D and J 



^ ^.m. Thus interposed between the V, D and , 
an unrearranged form. Thus, v b-tween the V and J 

segments in the heavy chain transgene and ^^^-^^ 

.e:ents on the Ught 
reccBbination signal sequences (RSS s)^ 
transgenes also include appropriate ^^^^^^^^^ 
join a constant region gene segment with the VJ 

"^Vntrtrraluitate isotype switching within a 

segment, e.g. cm ana C7-l uostream from each of 

^xow "swuc regions. ^ -^^-^^ors^- th. 
^. constat r.,io„ „=o..ination ..twe«, 

v«iabl. region gene segBents to pen. 
,„ch constant regions to ellov .or 

»,™ TOM to loG. such heavy and light 
1 switching, e.g. £roi. IgM to igo. „,..cription control 

i^oglobulin transgenes also 

3^encs including prcoter ^^.^^ „„,.i„ 

::r rpr^ot"^ re::o:rte re^rnei^aULte. . 

motirs. A linked to a downstream 

n DMA sequence that, when operably linKea t^o 

, can produce -=-^-"J-rcrora^Uon.l 
seguence. Pronoters «y reguir the pre.eno ^^^^^^^^ 

linxed cis-actin, seguancss - ,,,, p,«uipat. 

transcription. In addition, other gu „,j„ably 

^•621-627 (1990); Reid et al-, pror, M^Vift - — 

t s 0-844 ; stavnezer et al., Im- Wt 1 f.r.d, S^i. 

Si II- 04' 708 1?8S,, and Hills et .1., 

^,t^5-7 16 t«91), each of which is incorporated herein by 
««ence These guences typically include about at east 

35 Let at least »0 bp upstreae of a switch 

w 4. loast 200-1000 bp or more upstream of a 

rorror\"tr sUences oc^ 

of the human. S^i, S^j' ^73' V' ^od' «2' * 
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„,ion=. ^^^o.,^ ^".;r;.;"ns ar. preferable. ^ 
Uan S,,. an. S,, ev.«n - ^^^^^^ „...crlP»-^ 

,„Ucu.ar, fal ^%t:::.ne 

,a^la«ry ele.en« • ^^^^^^ of 
3 preferably .n=luaed ^^^^ ^^^^^^ 

a<^-=n .0 P-f-l'/reUs are use. 

..e . ana ^ fe «ans,ene 

" 'r tia»t Chain trans,ene is ""^^ ..fusion, m th. 
tte <=" taciUtating enhancer, and 

expression, ther y re9Ule"W „„iBi« 

case of the heavy sequences are used 

allelic 

induce aliej-x^ 

«o ftXDression. enhancer 
„.^,en^^^ TlTen^ically descri^- 

regulatory „ces may "e heM 

,0 such regulator, ,^„„,,c ■>» "° 

,„i..l be-5 i„unoglobulin '/f „ .re 

-^"^'T "'"ra^r^Te^""" 1" ^- 

- - ^tra^rriTctTlV rel- sP-s, 

„ ,eno.e c^-; -;T.^"„d UgHt — "f^^^^ are 

referred .--rglntrnon-ru^ an^l= . 

--^ "°::ra:i:rugrt Ts^-- 

harboring ^^f^^, ^une response to > sP ^^^^ 
30 .ountmg - « „ .ni»al. • h-"-"^""" 

• ■ niirvnich are capable of ^ ^.^ection for 

such an anlBal m i„„rtalUatlon. and a 

ttra^'-o-nal antibody <-^'^; ^./rprovUed, 
. ror:f^«'Ct%r.:-" -^^^ i.unogenicity..h 
such human Mabs to humans, 

therapeutically adrnxnister 
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u H nreferred embodimenrs disclose the 
Although the Pr^f ^^^nsgenes containing human 
construction of -heavy and Ught ™n^^^^^,. ,,^3 
gene segments, the i"-"^^"" " teachings described 

regard, it is to be -^-^-f^^^^^.'^.^e immunoglobulin gene 
5 herein .ay be readily adapted to ut.^^^ ^^^^^^^ ^^^^^^^ 

segments from a species other ^^^^^ „ith the 

in addition to - therapeu^^^^^^^^^ ^^^^^^^^^^ 
antibodies of the °:;;';;;,,uzed to generate 

appropriate gene segments may ^^^^^^^^ry sciences. 

Lo monoclonal antibodies for use m the 

P^.^^anned Transqeneg transgenic nonhuman 

T„ an alternative embodiment, transgen 

inanalterna rearranged 

animals contain functionally ^"^^ ° the 

,S heterologous heavy contain 

germline of the transgenic ^^^'^ .^.^anged heavy 

primary ^pre^^^^^^^^^^ are capable of undergoing 

transgenes. Such B celis p antigen to form a 

somatic mutation when ^^^^^^^^'^^Z,,^ aid specificity for 
20 heterologous antibody ^--"^^^^^^^/'^^^ contain at least 

:: ;r:r, rr=L%c::::= ....e. .... 
invention .uo -=--v:T„:nf,:tC:.u 

„ confi-an, ,.rB line ells "vl.Oe>^ •» ^/J^ , 
«,„.in on. ot said tran.,en« 

re.r«,r C^I^er:^ Z «sc=i=.ea s.^en«s re^xrea .0. 
" -"rS^n.ion .u«.e. in.lu.es ^ ..e«ci.e 

• ::rr =tir:inu=i..... 

recognition site of a restric thereafter 
population of immunoglobulin V segment DNAs 
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Jli. immunoglobulin V segment 
to form the syntne^i 

repertoire. = Ch g^ne 

have av xBa= 

transgenes shall n switching, 
sequences required for .sotyp 

The use of H oermitting igM ana ig 

...^ined W tr o^.r h«vy chain Uo.VP« 

„, and ar» only W ^„„.. Ttiw 9 

r.UrU«-t event deletes «>e ,„i=ally 
r^nUent process, jl'trcelled sw«=. 

occurs W recoB.ln.t.=nJe»een ^^^^ 
,«=eted imediately ups».a« between 2 and 10 » 

' rite individual svitch / „,„«d se^enoes. 

and ccnsUt primarily of snort P ^^^^^^^ ,i„s 
length, ano ,eco.l>lnation differs solution 

probes have c ^^^^^ ^^^^^ 

%r^- -r:r.:oe - - 

..out X to . « *^'^;f,^:;orof tn. for. 

■""'""-rcS: ni/:-uy . ^o . -.-.r "sm 

rsee T. Niicaido ec ax - sequences 
•^'^ " ";iJt; mternally I'^^^^^ZT "e other =. 
spennln, several ^ and found to =o^- 

= The so region has been ^ whereas S^ja' ^YZb' 

genes. The b homology units, w t 

of tandemly repeated 80 dp ^.omology units very si 

. s all contain repeated 49 bp ^^g^j^^oi 135:620-626 

and all g^^ej, et al. , i^-i 

to each other. (SSS' ^ 



30 
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sequenced S regions inc repeated elements 

Of the S„ gene ,T. H....do et .1^. 

(1962) Which is incorporated "-"" J 

Tirx:: r'.io„ has 

=^.«=ture- two direct repeat sequences flanX each t 
structure, wo a /gee M. 31. Mowatt et al. , 

"'"'":wi;ch re,lons o. hu..n H chain ,ene» have he^ 
,cuna to b. very ,i»llax to their »ouse ho.o o,s nd 

similarity hetween pairs of ^'^^'^JT^J^lTjo... a fact 
c aenes has been found to be confined to the s region , 

the recoBbination always occurs. ^^^^i^ery of V-J 

.inatrorr^r^ih-e^rn^^^^^^^^^^^ 

positions with .,524 and J. Ravetch et al., 

S^TJii^ H=e,3.-.3S ,1S30,. Which are 
„ -rporated .«in 

^,>-»-4r.niar isotype are unknown, 
activation of switching to a particular isotyp 

Although e«o,e„o„. influence, such «;^---:,r„ it 
cytokines might upregulate isotype-specif i= r^o 
. ifal.. possible that th. same --^-'^ ^n 

switches to .11 isotypes and that specificity lies in 
t^etin, this Bachinery to specific switch regions. 
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. «^ iL-4 and IFN^ have 
n -derived lymphokines certain 
The T-cell-d^^ expression oi 

i-n BpecifiwUy promote ^^^3 
.een shown X.M, X."a, 1.=^^^ ^^^^ 

isotypas: ^ 3 xgE and igGl -''Pj^ antagonizes the 

suppression and mere . ,ion and ant g 

selectively and igGl expression (Cof 

^...ind.ced . ^.^se) .nd Snapper - al 

^i^:.^;--, -ich are in-^^^^^^^^^ 

tf 1 combination of XL-* ''^..3^85-3 690 (1987), 
reference) . a ^ ^^^jsnnacsl. ii2. 

, expression ^ ^ """"^'l, T-ceU e«.c« 

.emitted cells; but the mos ^econbination. 
preconmittea ..-yy promote switcn r ^ ^- be 

- switclt segments Mati^^^sa^^-^Si-i- — 
20 the swx-t 2£0£^_Jia£±-« 7177r9) t Berton et 

(1988), E z.cad_§£j-2S&^-^' . „K..H is incorporal 



al. , Mt-™ - „j„pie, th. observe „rrel»t«» 

transcription of a P'^^-^^^^^^^^ ot isotype sw.tch 

"=°^^"Tor these reasons, it ^J^''^^^,, vithln a«ut 
incorporate transcriptionai r.9uX^'«^^f „ « utiU». 

upstrea. o. eacH -""^^.p^onai re^iatory 
for isotype ""^^ 
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10 



15 



20 



Un^, P^f^""^' 500-1000 nucLotides. 

and «or= prefer.b y ^ one switch 

„,i=n can be operably inked t ^^^^^^ ^^^^ 

„a„s,ene "-'"J'^J^^^ed i™.ediateiy upstreaB of the 
the h«an S„ s»i«h can be ,r 

S„, «itch,, in -;;;7:r Jniene construct have the 
rTarnHe""!. i^ediateiy upstrea. in the 
naturally occurring germlin. configuration. 

Ti iimr ni- '""■"•^ pewrtgtr t 

A. Bin Min T■^mC^1"^MnTl Mt i function is 

» iwcrtant requirement for transgen 
tV™ of a primary antibody repertoire that i. 
' "loh to Xer a secondary i«»une response for a 

r ranrr a^i, J' — rra^let^U":^^ and 

eonsist. Of a i.^. 

a tandem array of multl aomai constant 

bv several exons. Each or tne 
5 of which is encoded by ^^^^^ ^ different class 

rfrr,rob:r ri:rc:irre:e.^^^^^^^^ 

Ual 'constant regions ar^ ^^^^ 'TJl ^.tvy chain 
expression of new heavy .^,„, ,i,e rise to both 

0 Class, alt«^.tiv. patterns cf ^^J^?^' ' 
■ trans.e,.brane and secreted -"7^°''"^^_, 

The human heavy chain locus ' °\ 

approximately .00 V gen. ..gments spavin, ^ ^, a„r^^ 
•30 . gene s.^a«3 spanning abo« >0J..^^ ^^^^^ 

,5 clustered "^-^^^ IppUximately 300 Kb. The entire 
segments spread ""^ ^i^^l portion of the 

locus spans approximately 2.5 no o 
long arm of chromosome 14. 
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• Heav:i-£iiailLJ£3^^ i^unoglobul in heavy and 

in a preferred ,eno.ic DNA fro» 

^.uBans. in the case ^ between 670 to 

3^. The length of thx capped. i 

restriction ^ -:rt^ and ,a ^-^^f 

however, " reside bewe ^^^^ v„ imi 

7«g.ent co„«lns Berbers of all s ^_ , 

r;jo:: rrr;r^ 

:Lv. Cham cia« ^ ""'-tt 

,eas. one -""-^J^.trerto-e -^-^ 

a fsp-e «r «os. antigens, 

trigger a secondary rasp 



10 



, Llglil.aiaillJ2al!M^ . ,„„ all of the necessary 

Tgi;;™IcW^<^ 

ts and regulatory sequences ^r^sgenes are 

3„. "Stents an „„«ructad. Such 

,aain locus »iy be Examples- 
constructed as described in 

" e transg^-es generated xntracellularly 

tijiuaaijssfiafciaasi^"-^^ ,11 or part Of 

'^^^^^^:7Z^ Z. fragment. Thus, fcr 

- Tr r,or r^t. - ^ 

„on-huBan ani.al ^-""^ ";\'„„oducin, two or .ore 
oonstruction is produced by intr ^^^^ y.. 

overlapping D»» 'f"" portions of tbe DS^ ■ 

33 non-hu.an animal. ^'"'"Jf. TbU are substantially 

eagBents have vm seT^ences ^^se. contained 

,„riogous. »P=n overlapping P»A «ag.ents 

.Ithin the enbryonic nucleus, 
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hoBologously reconbined in proper orientation to form the 
670-8 30 kb NotI heavy chain fragment. 

in vivo transgene construction can be used to form 
any number of immunoglobulin transgenes which because of thexr 
5 size are otherwise difficult, or impossible, to make or 
manipulate by present technology. Thus, mvivo transgene 
construction is useful to generate immunoglobulin transgenes 
3hich are larger than DNA fragments which may be manxpulated 
by YAC vectors (Murray and Szostak, Nature 305:189-193 
10 (1983) ) . such i n v^vP transgene construction may be used to 
Ltroduce into a non-human animal substantially the entxre 
i^unoglobulin loci from a species not consisting of the 

transgenic non-human animal. , ^ , . 

in addition to forming genomic immunoglobulin 
15 transgenes, An vivo homologous recombination may also be 

utilized to form ..mini-locus" transgenes as described in the 

Examples. ... 

In the preferred embodiments utilizing JJ vivQ 

transgene construction, each overlapping DNA fragment 
20 preferably has an overlapping substantially ^-°^°^-^J»^^ 
sequence between the end portion of one DNA fragment and the 
end portion of a second DNA fragment. Such overlapping 
portions of the DNA fragments preferably comprise about 500 bp 
to about 2000 bp. most preferably 1.0 kb to 2.0 kb. 
25 Homologous recombination of overlapping DNA fragments to form 
transgenes iiLviya is further described in commonly assigned 
PCT publication NO. WO 92/03917 entitled .'Homologous 
Recombination in Mammalian Cells" published March 19. 1992. 

30 D. Ti<T,i Incus Transgene^ . it^^.^n 

AS- used hetein. the terin ..immunoglobulin minilocus- 

refers to a DNA sequence (which may be within a longer 
sequence) . usually of less than about 150 kb, typically 
between about 25 and 100 kb, containing at least one each of 
35 the following: a functional variable (V) gene segment, a ^ 
functional joining (J) region segment, at least one functional 
constant (C) region gene segment, and-if it is a ^"vy -hain 
Binilocus-a functional diversity (D) region segment, such 
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least one substantial 
..id ™. s.^e„ce a. Last ,.ou. = 

to s P"*-'"^ , Tu^ht Chain »inil=c- 

„„,,en. wiU .e at l^/^J^^^^^ ,^,,,uy a.out 70 to SO 
- ='''^irry at a.o«t .0 with two 

in length, P"'^'^"'^^ .^^^^ „ switch regions, 
constant regions operah y '^'^^ .inilocus are 

^er„ora, the ;„i^;^,.ion and oapa^ie c£ 

p„fer.hly in the '^^^^^ p.e-B cell of a 

Ldergoin, gene "="-'rt« "e.. "notional antibody 
„.„sgenic ani^l so a, "^^'^l.^.^.^i.s encoded entirely 
molecules with diverse antigenJP ^ ^^^^ 

„ the el«.e„t. of the ""^^°"="'- ; „d the requisite 

lilocu. comprising "%Vhia of undergoing isotype 

switching se^ences is ^^^J/^, „„iecules of different 

switching, so that °!;„„,«d. such isotype 

i^unoglohulin classes will he gener ^^^^^^ 

switching Bay occur - = ^^^^^ ^.tured cells of 

" --^'^U re:rwri: "va heen e..lanted fro. the 
the. B-cell lineage 

transgenic nonh».an "-'^l e,^i»ent, i»unoglobulin 

in an alternate P""« .,ch of the v,, 

,..vy Chain ^'''^'"'•'^^Z r .ore cf the C. genes. « 
,5 and J, g«ne segments a^^ ..^.nt is 

lUst one of each "-"^""'J'^.^Jsgene. With regard t= the 
incorporated into the .iniloc^ tr 

secretable form of high ,,30 be used such as 

33 Other constant re.ion .e- se^^^^^^^^^^ ^^^^ ^ 
those Which will also construct 

^' t/e cider of occurrence of heavy chain Ch 
transgenes wherein the order 
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«n.s will be different fro. the „a«raUy-occum.g sp«Ul 
17Z .cuna in the ,er.Iine cr t.e species eervin, as the 

donor of the =. genes. ^^^^^^ 
idditionally, those sKlliea 
5 genes from .ore than one individual of a 

!uo,eneic c, genes, a„a -^^^^^ ^l^^ ^^^^U,. 
transaene as supernumerary genes capaDxe 

rs::::e .witohin. tnr — 

may then, in some embodiments, Bake antlBO 
10 Classes including all of the allotypes 

species from which the transg.ne C„ genes were "^^^"^^ 

Still further, those skilled in the art can select 

necessarily those which occur naturally a ^ 
gene. »terspecies cf 
. tr««genic nonhuman «,i..l which Bay pro 



20 



~ . : c:^s ending to =. genes fro. v^icus 
r-lles. Transg«.ic nonhuman animals containing interspecies 

:-=b-ir. " :-odr:::rrfor— 



uses. 



The heavy chain J region segment, in the human 

„ ccmprise si- functional J ..,B.nts •■>^">-7•=;f^:J:™v 
Clustered in a 3 stretch of DHA. Given 
ccmpact size an. the ability ^ ^ /S^T U on a 

together with the M gene and the 5 portion 

23 Hb SPil/Spel fragment (Sado et al., B igghCT, 
single 23 Kb SFiI/ P ' ^j^^ is Incorporated 

,0 P^F. '* r^;'rs"re led that all of the , region 

:reCrr:::; ^eTlni-lccus construct. Since t^is 

. Legment spans the l^^^; -X':.^.:^ ^i^^^^^^^ 

likely to contain all of the 3 cis iiiu^ ^ ,-^.^„„t 
xiKBiy w Tj„^4-v,o-rtBore because this fragment 

-««; i-emiired for n expression. Furthermore, oeu 

" "rde: th. Entire , region, it contain, the ^^^^^^ 
enhancer and th. . switch region (Mills et al 
(1983), Vanccpoulos and Alt, fn P P-v TWVnpl . 1:339-363 
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/Irein by reference) . It also 

(.^S6), w.ic. are i-^^-^^J^I.^es vhic. trigger VD. 
Lntains the transcription start ^....opoulos and 

oinin. to for. P^^^f : ::: is incorporated .ere- 
lit, cUilfi-- 2^^-22^ ^ ' 36 kb BssHII/Spell fraginent, 

i:;r;;re). .ay be used in place o. 

w^ich includes part on the D r g ^^^^ ^ ^^^^^ ^ 

..e .3 - SfiX/SpeXl -^^^ ,.,.ence to facilitate 

increases the amount of 5 

efficient D-to-J joining. of 4 or 5 boBologous 

The human D ""^^..^e^Ust, et al- d^sD , 

^ suhregions, linked ^^^^^^^^.^^ contains up to 10 

aii, "1-35) . ach ub J^^^ ^^^^^^^ ^^^^ 
individual D segments. So.e ^^^^^^^^ strategies are 

Tapped, and are shown in f^.J' J strategy 
, Jed to generate a ^^^J^^J^^^^^^^ located in a short 
involves using only those ^ or two of the 

Uiguous stretch Of OK. ^ t - ^ ^^^^^^ , ent 
repeated D subreg.ons. A c ^^^^ ^.^^^ of DNA 

that contains 12 ^"•^^^^'^"f ° .^^g^ents and has been 

0 consists Of 2 et al. C^^^^) ' 

completely sequenced f^-^^^;//;^^^,, sufficient for a 

!J-4150). Twelve D segments shoul ^^^^^^ , 

primary repertoire. However ^ ^-^^^^ ,oge^er 

L D region, an -^^^^f ^J^^ containing fragments, to 
several non-contiguous D.seg.ent ^ ^^^^^ ^^^^ 

produce a smaller piece of iaentified. for 

segments. Additional ^'^^^^^JZ^^.^tic flanXing nonamer 
example, by the P---^\„, reference to the 
and heptamer sequences, supr,, 

30 literature. preferahly more than one V gen 

. At least one, and pref ^^^.^ ,i„iiocus 

™ent is used to construct the heavy ^. ^ ^r 

segment is u unrearranged V segm 

transgene. Rearranged or described PCT 

without flanking sequences ''^ . ^^^^h 19, 1992, 

92/03918, publishea n producing 
35 publication NO. ;^i„als capable of Prod 

entitled "Transgenic Non^H 
Heterologous Antibodies. 
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Rearranged or unrearranged V segments', D segments, J 
segments, and C genes, with or without flanking sequences, can 
be isolated as described in PCT Publication No. WO 92/03918. 

published March 19, 1992. 
5 A minilocus light chain transgene may be similarly 

constructed from the human X or x immunoglobulin locus. 
Thus, for example, an immunoglobulin heavy chain minilocus 
transgene construct, e.g., of about 75 kb, encoding V, D, J 
and constant region sequences can be formed from a plurality 

10 of DNA fragments, with each sequence being substantially 

homologous to human gene sequences. Preferably, the sequences 
are operably linked to transcription regulatory sequences and 
are capable of undergoing rearrangement. With two or more 
appropriately placed constant region sequences (e.g., H and 7) 

15 and switch regions, switch recombination also occurs. An 
exemplary light chain transgene construct can be formed 
similarly from a plurality of DNA fragments, substantially 
homologous to human DNA and capable of undergoing 
rearrangement, 

20 

E. T^»T,.,T^ns co n °-^^^^>^ CanaMP of T^otypP Pvltghipq 

Ideally, transgene constructs that are intended to 
undergo class switching should include all of the cis-acting 
sequences necessary to regulate sterile transcripts. 

25 Naturally occurring switch regions and upstream promoters and 
regulatory sequences (e.g., IFN- inducible elements) are 
preferred cis-acting sequences that are included in transgene 
constructs capable of isotype switching. About at least 50 
basepairs, preferably about at least 200 basepairs, and more 

30 preferably at least 500 to 1000 basepairs or more of sequence 
immediately upstream of a switch region, preferably a human 7I 
switch region, should be operably linked to a switch sequence, 
preferably a human 7I switch sequence. Further, switch 
regions can be linked upstream of (and adjacent to) Ch genes 

35 that do not naturally occur next to the particular switch 
region. For example, but not for limitation, a human 71 
switch region may be linked upstream from a human Cg gene, 
or a murine 71 switch may be linked to a human Ch gene. 
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^Sfor obtaining non-classical 
- alternative -t-/^^^^^^ ,,,,,,on) in transgenic 
isotype switching (e.g- direct repeat 

sequences (af; and e^i) ^ ,,0^9)). Homologous 

where: . ^^^..j-ie region gene segment, 

^« is a rcarv-itv) region gene segm^., 

D is a heavy chain D ^ ^^n gene segment, 

j« is a heavy chain J J, ,f participating in 

4 a donor region ^^^^J/f ^Ptor region - 
/recombination event wxth the S ^^^^^ 

segments such that ^^^^^f ::;^3/,ene segment encoding 
C, is a heavy chain constant g development (e.g., 

' an isotype utilized in for B 

H or S), , ^^„nal regulatory region 

segment containing at Ua partioipatln, 

u «. accepter s„ doner 

i„ a reco-=in.txon " switching occur., 

^^ion «g»»nts, „„. segment encoding 

an isotype other than n 

^ . are integers, x is 1-100, n is 
X, y, z, m, n, P, and q are in g^ ^^^^^ ^ „ 
0-10,. y is 1-50. P 1 . . is capable 

is 0-10. Typically, ,3,3t 1, m is at 

of isotype -itching, ci BU=^ ^^^^^ or 

least 1, n is at least 1, and 
equal to n. 
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T q C T, S,, and segments may be 

Jut ^9 "^A/ ^ 



V„, D, Jh, S„ X. ^anmalian species, 

selected from various species, prereraoiy 

^T^e preferably fro- huw,.n and murln. ,.rBline DKA. 
.„a .ore pr .er ^ ^^^^^^^^ ^tTo'/r 

S are prekrably seU=«. .ro. V„ se^e„« -™ 

::::rLn:rerar:os. pre.era.y a. ... a.. .0 
- -n.Tearr:-ee.e„. . r^r^r/e;. a. 

J 4 ™pnts include human D segmenrs. 

,„.err.a ^ ^ ,e^„t is incorporate. In 

Typicaxxy ,„„v,i«» to include about six 

J, and e=»e P"""' eMbodiBents include 

about six Jh s^-": JLed e^odi»ents include 

huMn J. segments, and further preferrea e 

--rrrsrero:"^^^ 
— - -rrrariir. rtoTi:,:-;^:;:^. 

the transgene. For classical yP - . S , S„„ and S,. 
switch. regions such as S,, S.^, S^^' ^3' ^,4' c^^ e 

P.e.erably the switch regions are murine o. h^^ »ore 

*«^,Mv s is a human or murine S and is a nuiu 
:^in. s ' % r nonclassical isotyp^ pitching ,.-a.soci.t.d 
ZZX .nd are preferably tb. «0 basepair direct 

-T^: rtp" :T::nes. preferab. a 

' - rtXt^rriu:: rra^nrse^enoes 

are adjacent to naturally occurring <-;---;>^,^ 
switch regions. T segments typically at 1"« 
„ nucleotide, in length, Preferably about a » t 

,S nucleotides in length. ^^-'J^tl^,^,^ 3. flanicing 
nucleotides in length. ^'"'^'^J ^ „ ^ine 

s«penees that occur immediately upstream 
s«Lh regions in a germline configuration. It is also 
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. that T segments may 
evident « t.ose ^^^^^J^^^^'J. ..^U«ry se^.nces .h.^ 
comprise «'"nf,„i^X ger^Un. (e.,- 

^ „„t o==ur naturally ^^^^ ,^40. 

.„.aB«rs and P-oters « ,,^.^o.lc «11=) • 

^e„o,irus. and other , 7.. "l' 

secants are typ.ca 

<r««bl.v a human C* M.n-ine y-i= '*'2b ^ 

or e Ch gene, preferably » g_ Murine 72a „«nes 

preferably a ''-"J^JJ switched,, isctype ,enes 

.1,0 be used, as »=y '° \,eavy chain trans^ene 

L various species - -JV „„1 

rro-rrsreri%:^-i-y - .^pa.. 

, native heavy chain 19 «lth ccrrespcndin, 

necessary regions or present. 
„,lons from other species «il 

, Hethods for Determining^^ 

The occurrence of xnown to those 

n„ -^^J/^relti^I:;:. i^dua. the «llowing, 

^Xcgou. to at least "^nllogous to a tran.,». V." 

^ S and an ad,ac^t he hy northern 

D.-^. rearranged «a:ion assays, PCR 

10 hybridization, Si nuci „ethodsi 
" J^lltication, CD«A ^l--''^^^"^, ^ansgenic animal, or in 

2. detectibn in the ^ ^^^^^ ^de from B-cells 

superLtants of cultures o-^---to::iin P-eins encoded^ 

of the tran.g«>ic p„„ins can also b. sh»m 

^^5ion; . 3.ceUs of the transgenic 

_i^:rgrn:.rrf::. ---- 
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• 4. 4- T^-ith the occurrence 6f isotype 

■ ::"iLa;.on, .=.3»punca.c. 

cloning, or other method; or of isotype switching, 

such as production (e.g., "switch 

characteristic enzymes detected, 

recombinase..), or other ^-"^^^^"^"""^^^^ " ^ 
^ or observed by contemporary techniques. 
...sure., o.^o.serv^^__ V^^__^^^_^^^ ^^^^ , 

.i„«.nt .ite Of integration o. the — ^ - ' 
potentlauy -«^«»\"::nratIon o .larOcln, 
"=^/:r.«er nr-alcn, ^ 1= Pre.er..le to 
DNA sequences can affecr gen j ^igh levels of 

.S identify and use lines of^xc^^^^^^^^^ f^e ..C^sotype. an. 
human ixununoglobulins P^^-^^^^^^^^ transgene. Single 
contain the -^^/^ ^^^^^^^^ problem of incomplete 

copy transgenics minimize the p integrated into 

allelic expression. ^^^^^^^^^^ germline OKA and 
20 host Chromosomal DNA, most ^^^^J"^^ J,,^, transgenic 

p.opagated -bs-e- r^e - ^.^nic 
breeding stock animals. Howev , developed may 

„.ethods known in the present ^^fl ^^siTea by a 
be substituted as appropriate and as desired by 

25 practitioner. 

^. .«.res»ion ot successfully rearranged 
- ^Clo^UnT^" an. Il.t ^^^^^J^'^^ — 
•a o^inant effect by -t^^^""'*" ^trrs^^lo nonhuman 
endogenous Ty^o . era:. : — t«t Is 

e„i.al. Hovever, „^tin, the endogenous 

55 devoid of endogenous „u technology and 

^°'^°"""ri:;ti:rthrer,rno::--.--- 

ho«.lo,ous ■^--"^^f^™; ^,.i„,„a. The following describes 
repertoire can be readily i„anoglobulin loci, 

the functional description ot the mo 
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ran be readily 
. methods disclosed, however, can 
The vectors and roetno'i animals. 
Xted for us. i. involves Inactivation 

Briefly, this i„ a pluripctent =.11 

. ,ene. ---'7,r/re„""U in« T"^' 
line that is =apable of a.fferen ^ ^ 

construct that con«.n 
i^unoglobulin ,ene xs ^ntr introduced 
3te» cells, in a portion <" ,ouse gene, 

°L.*ine= With the cells containing the 

■» -r::i::r gretf So^^^ 

Tells entirely .'^ZcTJT, possible to obtain a new 

15 by breeding the cOf"^" „,„ced genetic lesion 

, „£ Idee containing the intro 1288-1292) . 

r. it: by eapecchi ^;„^Ues to only « - 

Because the mouse X locus ^^^^ 
i«»noglobuUns, in.o«va«on of ^^^^ „ 

,0 Tllgnt chaih loci is -«'°"°;;,rrf the ^ region, deletion 
" lis«pt each of these loci, ^/f/^°"„^,,,„ ,t constant region 

the I-C intron •■^-^''XcUorof a stop codon. The 
. „din, sequence, by the i„ «r.. of ^ 

^'^^ the most straxgn^^" ^^e-ruDts B-cell 

rt:rderig:. - 

^turation ^-"^^^^r^Tl. strategy for XnoCin, 
functional heavy ■'"^"."^^ 
out these loci is outlined below 

TO disrupt the mouse (. anc J j,enUch and 

tors are used based on the design e^l°y- V 
•^Q vectors a^^^ _ r-ioRQ^ . NatuES/ ' 

■co-worlcers (Zlllstra, et al ^';^^;^t7r;i=roglobulin gene 
■ th. successful disruption of the m ^^^^^ ^^^^ 

^. neomycin ^toL' of the target gene. The 

I, inserted into the '='^'" "'^ promoter/enhancer sequence 
,5 Un" i--* • "'"^isTrtmoter is active in embryonic 

• to drive neo expression. This pr ^ electable marKer 

.n= Therefore, neo can be usee thymidine 
ri^e^^-l- of the «,oc.-out construct. Th. 
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AA^ri 1-n the end of the construct as a 

.oc. U .»e eU.i„a.io„ o. the . r.,i=n^ T.is .s 
.airly compact in the .ouse, =P--' - ^ „t 

contaxnxng all of the secre ^he 1.3 kb J region is 

,ouse genomic library is J'^^'^;^,. HSV «c gene 

replaced with the l.l kb insert from PM""«°' 

is then added to the 5- end of the Kpnl fragment. Correct 

IS tnen aaae homologous recombination, 

integration of this " ^'f^^J, region with the 

will result in the replacement ot the mouse » 

n« ,.ne. Recombinants are screened hy PO. -"^ 'J'^" 

ha..! on th. neo gene and a primer homologous to mouse 

— Li^Lr,: r hir^:-::; u .00.^ out 

involves the same 15 Kb Kpni irayiuo" ^ j « 

involves pMCIneo is inserted at a 

Ti^ sit. iT-rS, and the HSV tx gen. added to th. 

3. Snx .nd. oouhle cro.so,. ^--^renntt-^ereor. 

resrar;erc:.:rrp:ororsri:c;ed =ion.. ^ 

; irilf l«tion. on. o, th. P=« pri»r. is ^'^'^'^'i;^, ■ 
s4u«.c.. and th. other from mouse se.p.ences 
f^eting voter. The .unotional disruption of th. mou.. 
immunoglobulin loci is pr.sent«J in th. Exampl... 
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G.- suppressing Expression of • 

in addition to functional disruption of endogenous 
Xg loci, an alternative method for preventing the expression 
Of an e;dogenous Ig locus is suppression. Suppression of 
Oogenous Ig genes may be accomplished with ^^^^^^ 
prod!ced from one or more integrated transgenes by antisense 
fugonucleotides, and/or by administration of antisera 
specific for one or more endogenous ig chains. 
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„tUens. RH^ '""T"" ession of specific ,en.s 
partially =r totally H.l.n... =• --J^' 

cas«y, T. S^ftfSiSn^"'' °' 

S;oU»tea he«i" -V ^^-J- ,,,, a.. poly..=X--i-= 
,.«,tis^nse polynuclao ^ reference 

tnat: (1) of an endogenous Ig c„ °r C, 

sequence, such « a hybridize to a 

region, and m '^^^^l^'^i^n as a =«cBoeo.al gen. 

ccaplementary target sequ ' „ antisenee 

looue. or a xg , ^""^ ° "',i.otide sul,stitution. , 

polynucleotide, .ay -^"^ ^^^.^i^^s, so Ion, as .p.cxfi= 
aadltlons, deletions, =^ ^^^^target sequence is retained as 
hybridization to the -'i''^' " ^,,otide. co»ple.«ntary 
/unctional property ^'^f^^^: „,^.e antisense PK^ or 
antUense polynucleotides ^ecitically to 

„ Tligonucleotides .hich "^f^f^^rtranscription and/or 

-"^Tg rt.rsrsre=rand/or "-r^x^ 

processing of tne i r""^! ■ 

Lcoded POlVPBPtia. .a--' ^ t eTT^Tm:^^- 
Si: 10006-10010 (198S) , ^j_ij££sIs2Ii="-56 

,15,0); Holcenberg at al.. ^^^^ incorporated 

1)090/13641! and EP 3Bb , sequence is a 

herein by reference, . »Jf to:plerentary to at least one 
polynucleotide sequence that iS c P contiguous 
„ I^oglobulin gene ,ea=t 20 to 30 nucleotides 

. nucleotides in length, ^^9^'^^" 30 nucleotides in 

in length, and preferably ^^^sense sequences Bay 

Tength. However, in ;^nel .i- " "-^"'^ " 

have substitutions. ,^,„ce, so Ion, a. 

35 coBpl«.sntary i-."oglobul^ gan J y a,, 

specific hybridization is reta^ne^ 

"-"^fri «r::::,e:r:.«LoglobuUn ,ene sequence 
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to encode after DNA 
that encodes, or has the potential to encoa 

that encouB , , v,„Ht, rhain In some cases, sense 

function to suppress expression, particularly y 

5 with transcription. j„vjv,-it 
The antisense polynucleotides therefore inhibit 

production of the encoded polypeptide ( s) . In this tegard, 
rnt lnre polynucleotides that inhibit ^^^^^^^^ 
translation of one or more endogenous Ig loci can alter the 
translation „f a non-human animal to produce 

0 capacity and/or specificity of a non nu 
i^unoglobulin chains encoded by endogenous 

Antisense polynucleotides .ay be produced from a 
heterologous expression cassette in a transfectant cell 
transgenic cell, such as a transgenic pluripotent 

transaenic nonhuman animal. Alternatively, 
!!r„!=uotid« may =o.prl.e .olubl. =U,onu=l.=ti<..s that ar. 
polynucleotiaes , r , either In culture nadiun 

adBinlstered to tha .xtamal mlUeu, aitner x 
„ in :i£ra or in the eir=ul=t=r, syste. or intarstUial mid In 
S^oluble anttaen.. polynucleotides pr.a«.t xn th. 
««rnal i^Ueu have baen =ho«n to gain ac=... to the 
c^o^aam «.d inhibit translation of specific spe=«s. In 

e^iBents the antisense polynudeotida. 
,5 LthylphoM.on.te moieties, altarnatively pho.phoroth.ol.tes 
or o-methylribonucleotides Bey be used, and chimeric 
L o:S^tid.. may also be used ,Oa,le et al ,1,^0, ^ 
Ac=ids Res 18: 4751). For some applications, antisense 
t^lSiiSliotldes mai comprise polyamide nucleic acids (Hielsen 

30 et al. (1991) iSi^ 1497), For ^^^^^^^^^fV^ 

relating to antisense polynucleotides, see ^pMsPnse ^ an4 
relating ^ -old Spring Harbor Laboratory, 

DNA . (1988), D.A. Melton, Ed., Coia &pr y 

cold spring Harbor, NY). ^4.^ „„„ „>. 

«tis.n=e polynucleotides complementary to one or 

35 more sequences are employed to inhibit transcription, FS* 

prcessiT,, and/or translation of the oo,nate m«.A species end 
TeU ."ect a reduction In th. amount "■-^J-*"' 
«,ood.d polypeptide, such antisense polynucleotides can 
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^sr function by inhibiting the fomnation of 
provide a therapeutic function y 

physiological -"^'=""^„^^;;^,, „iu not appreciably 
selected antisense polynucleotia ^ 
hybridize to heterologous Ig se^ences encod J ^^^^^^^ 

0 li,ht Chain trahsgene of ^J^l'^JJ^Z .^.ession by 
oligonucleotides will not inhibit transgen 
more than about 25 to 35 percent) . 

■ partial or complete suppression of endogenous Ig 
^ partial by injeeting nice with 

Chain expression can be produced y J 

antisera against one or Bore ""r/! ^ il, which ie 

SXS.J^*i^-^=f-etr^^f are elected so 

■ incorporated -"-^"7'™ ' or .ore endogenous X, chain. 
JO as to react specifically with o heterologous 

- to have tie invention. Thus. 

^rc:.I: :r.-crbuf^^tre.r..sio„ of 

" :rr,ourxr-ain', enc^- by a transgene of the presen. 

invention. 

m r Wr '•'i'^ ^ ..substantial homology" 

The nucleic acids, the term 
3' ™ , J. d- gnated sequences 

indicates- tha:t two nucleic acids, ^ identical, 

thereof, when optimally aligned an-; '^"'^"^^^io^s . in at 
With appropriate nucleotide 1"""-"= " '^^f shout 90* 

■ least about .0* of the ' ""^^^^f,^ „.5, of the 

" " Ttrariy.irntrarllLg, when 

nucleotides. AJ-T^ei^a j» ,.i«„4.<ve hybridization 

the segments wUl hybridize ""J,, 
conditions, to the complement of the strand. 
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.ci« present in «.oU ceUs, in ^ "J;^' ^l^^'J^ f,,^ 

is "isolated" or "rendered substantially pur 
IS xsDj-Qucw or other contaminants, 

awav from other cellular components or otner ^ 
. 7 other cellular nucleic acids or proteins, by standard 
5 e.g., other ^^^^^^ ^.j^aline/SDS treatment, CsCl banding, 
techniques, including al)caline/S ^^^^^ 
column chromatography, agarose gel electrophor ^^^^ 
. see F. Ausubel, et al., ed. £ury?TlT^ 

well known in the art. ^. T. ^^.^^^^^ Wiley- 

r.^r ,i•r.nr,^^ in n~1— "^'If ^roloov . Greene ifuu 

" "cUositions present 

i„.„tion, w.iU o.«n in a nativ. ^^SrcrK., 
,o.I£ied restriction sxtes an th 
aenomic or mixtures may be mutated, mere 
15 s«lrd techni^es to provid. ,ene sequences. or oodxn, 
n^enoe.. th«. .utations, »ay .rtect ^^^^ 
daslrad. In particular, DS» se^ences ->==^-'"^^ 
.o.olo,ou= to or derived fro. native 
„itch.. end other such .«^.nc.. described herein are 

,0 "nte^isted (where -derived- indicates that . se^ence is 
identical or modified tro» another sequence) . 

A nucleic acid is -operably linXed- when it is 
Placed into a functional r.lstionship with -J^" 
Lid sequence, ror instance, a propter or enhancer is 

25 ooerabiriinKed to a coding sequence it it affot. the 

25 operaniy iinn. -.™ct to transcription 

transcription of the ,«Tience. with "•P«=' 
renulatory sequences, op«rably linked means that the DKA 
::^L7beir, Un^ed are contiquous and, """"^ " 

^ two protein coding regions, contiguous and in readi^ 

„ fr^e. Por switch se,u«,c., operably linked 

thi .fences are capable «f effecting switch reccbmation. 

^ Lf erred embodiment of the invention is an animal 

" rr resTthr^^^^^^^^^^^^^ 

PHCI or PH«, bred with an animal containing . single copy of 
a light chain transgeno described in Bcamples 5, 6, 8, or 14, 
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... ^H. ' deleted animal described in 
and the offspring bred ^^l^^lX^^,,,^.,,^ for each of 
Example 10. Animals are bred to ,,,,,„ing genotype: 

..ese three traits. :;::Uso.es) of a hu.an 

a single copy (per .^^ (described in Example 12), 

5 heavy chain -""-"^^^^^nit of chromosomes) of a rearranged 
a single copy (par in Example 14), and a 

human k light chain -^-^^^^jH^^ ^^^^ ,hain locus that 
deletion at each -dogenons mouse vy^^ ^^^^^^.^^^ ^ 

removes all of the ^^^^^^^^XT.it^ »ice that are 
,0 Example 10). Such "J 3,g„ents (Examples 10) 

homozygous for the deletion ^ J, deletion 

to produce offspring that are ho-m^ ^^^^^ constructs, 
and hemizygous for ^-^Jf^/^ J antigens and used for 

The resultant animals are : ^^.^^ against these 

15 production of human monoclonal 

antigens. ^ animal are 

B cells i-""^ „d U,.t c^ins 

monospecific with regard to tb. B ^ 

because they contain only ' „i«, „gards to hu-an 

20 Furthermore, they will be Bon P „„„„ h«vy 

or >.ouse heavy chains hecause hoth en g 

^,in gene copies ^e lel^i-a in Exa^- ' 

.panning the "faction of the B cells 

and 12. FurtherBore, a ^"^"'"^"^/^^ numan or mouse light 
Will he — :;Cs"gU copy of the rearranged 
chains because expression isctypically 
numan « lig" chain " "^f ^^^^^L mouse , and X 

«cclud. the rearrangement of ^ ' 

Chain genes in a p„£erred embodiment 

,h. ^ISL'with a Significant 

will «chibit ,i^lar to that of a native 

repertoire, ideally '"^^^'^^odim^-ts where the endogenous 

mouse. Thus, tor example, in i^noglcbulln 
I, gene, have been i"-"™"^' of serum, 

35 levels will range "^ 'f "^^'^ about 1.0 mg/ml. 

. preferably 0.5 to ^ /^f^'.^^, . „it=h to IgG fro. IgM 

rb'eer^rdrcriro t transgenic mouse, the adult mouse 
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Of 



to IgM is preferably about 10:1. Of 
ratio cf serum IgG to IgM i P ^^^^^ 

course, the IgG to igM rat.o wxU ^^^^ 
i^ature mouse. In general. ^^^^^"^ J 3 eells 

preferably 40 to 80% of the spleen and lymph 
; express exclusively human Igc P-"-^ ,,3t shown 

The repertoire wxll ^^"^^^ f ,3 high, 

in a non-transgenic mouse, -^^^^ f^^^"'^, ,,,,, ..out a 
preferably 25 to 50% or more. <^--^^^^ preferably 
^.ousand different ^-^-^^^^^^^^^^^^ on 

, - ^r^f^r^t V "a -^^^ ^""."^ 

:L:Tei:! ™immu;oglobulins Will t^^^^^^^^^^ -ogn.e 

. ..out one.half or ^ ^ -::rZ^> -cKen 
.including, but not Umxted /J^^^^/.^.^^i,, keyhole 

,3 lyscyme, po.eweed ^^^^^^^^^ staphylococcus 

limpit hemocyanm, influenza hem neuraminidase, and 

protein A, sperm ^-^[^^^^l^^^: 'J^^^^^ will 

containing varU heavy or light chain gene ^^^^'J^^^^^^ 

,ene segments may ^^.^^^ ^aLm other 

or DMA s«qu«noing, a» " 
25 than th. transgenic antaal. , praferr«J 

.^though tna -^^^ o«,er 

^Uent Of *^-J»jX=^rrs ,oL. h.r.in and .ore 

an. rearranged light l».no,l=bulln tranagene 

II Transgenic aniBals containing an unrearranged heavy 
. and uLearrangea light i^unoglobuUn tranegene^ 

III. «.n.genic animal containing rearranged heavy end an 

ranged light i^uncglohulin tran=J- 
IV Transgenic ani.«ls containing rearranged heavy 

!earr!n,ed light i»unoglohulin transgenes. 
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■ = of transgenic animal, the 
Of these categcr.es of ^-^^^^^^^ ,x > I > I" > 
preferred order of preference 2. ^^^^^ , 

Where the endogenous ^^^^\*=^"^^^,,,g3us recoabinaticn (or 
gene) have been KnocKed out by hc.ol ^^^^^^^^^^ 
5 other method) and I > H > be dominated by 

Chain genes have not been KnoOced 
allelic exclusion. 

EXPERIMENTAL EXAMPLES 

,0 HEIH2ES-MBM^2ESIM^ ^^^i^ed according to Hogan et 

Transgenic mice are ae laboratory Manual-, 

ai., -Manipulating the Mouse Embryo^ ^^..^porated herein by 
cold spring Harbor Laboratory, vhich 

reference. ^manipulated according to 

.c- Embryonic stem ceiis enOsryonic stem 

" published procedures (-ato-rc inomas^^^^^^ ^V ^^ ^^^^^^ 

cells: a practical -P^"^^^' J^^^^ , u^tl^ 341:435-438 
Washington, D.C 1987; ^^^^fj^ ^46:799-803 (1989), 

(1989); and Schwartzberg et ' ;^rbrref erence) . 
20 each of which is i"'=°'^°^"^^^^^ carried out according to 
DNA cloning procedures ar ^.^boratory 
, ^- wniecular Cloning. 
J. sambrook, et al. ^j"^'^ „,,bor Laboratory Press, 
Manual., 2d ed., 1989 -Id Spr -g^ ,„,,,,.,ated herein by 
cold spring Harbor, N-Y. , wni 

25 reference. synthesized on an APpUed Bio 

Oligonucleotides ^e yn ^^^^^ 

systems Oligonucleotide ^^n^ ^^^^^^^ 

specifications provided by manipulated 

Hybridoma cells ^"^"^ „^„^al", Ed Harlow and 

30 according to ^^-f^^lJi^^Zr. (1988), which is 
• David Lane, cold Spring Harbor 
incorporated herein by reference. 



.l=roinie=tio„ of a h>r.an 
tr»s,.ne which is microin^ec^a 
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Nuclei are isolated from fresh huiaan placental 

- ^„■F^' ^i- al "Transcription and 
tissue as described by Marzluff et al., ir t- 

EDTA and proteinase k to expose nig restriction 

in the aaarose with tne res-tiri^-^-^ 
Which is then digested xn the ag protocols in 

enzyme Notl as described by M. Tinney • ^. ^ , ^.^.^ 

10 Molecular Biology (F. Ausubel, et al., 

15 the »o« fragment ax. J^^^ ^^^^ ^ «.^„t. 

sue se^ence. \ ^preventatives ct all 

, 11 are Dooled and cloned into the Hotl slM oi «i 

(... FH. 4) are pool pr.p.r«J by 

vector pv.»» .n «a t - ^^^^^ ^^^^ 

" "th -IL'and U,aticn in the presence o. the 

-^'"""^trcll; ::ri:i:^rh'ea;-chain notl .r.^t 
are isolated a, described ^ Bro^stein g '^-^^ff^^ 

Tf^^e The Cloned KotI insert is isolated fro- high 
™i™ weight yeast DNA by pulse field gel electrophoresis 
molecular weign y r-tt The DKA is condensed by 

as described by M. Finney, op cit. "^^^^ directly into 

35 the addition of 1 ^ spermine and Bicrom^ected directly 
^e nucleus of single cell embryos previously described. 
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• u.,™an la Transgene 



M^^^^^'^^^^ - been described 

in ^r.nz et .1., Bucl^^^siiiJ^ l^''" 

i 450 1* fflol to »otI « 5» ^^^^^ 
, , 3. .n..ano.r, all ,i,„i„Je=«d into th. 

,«.ere„t V ^^'^^"^^^ ^Zyl as d.scrib.. in E.a.ple i. 
nucleus of single cell 

NotI fragment that includes all Of 
A 750 icb Klul to NotI fragiu -goiated as 

fragment of about 400 kb- ^^^g^ent plus the 

450 kb Xhol to Kotl f ^ ^^^^ 

.^proximately 400 - restriction sites, 

overlap defined by the BssHI ,^^g„ents upon 

Cons3.Dactimi.2^^ 

^- ^^^^^^^^^^^^^^^-^^^^ BcoRI and Styl and Ugated 

PBR322 is ^-^ested/r^h ^^^^^^^ ^^^^ 

the following -^-f;;;^^^^^^^^^ the restriction 

contains a 147 base P^- -^^^^^^^ of these 

sites shown in Fig. 8. t g 
oligos is also shown m Fig. 9- 



20 
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The oligonucleotides are: 



oligo- 


1 


5" 


- CTT 
TTT 


GAG 


CCC 

PAT 


GCC 
ACT 


TAA 
GCG 


TGA 
GCC 


GCG 
- 3* 


GGC 


TTT 


oligo- 


2 


5' 


- GCA 
GCA 


ATG 
TCG 


GCC 


TGG 


ATC 
AGA 


CAT 
GCT 


GGC 
CGA 


GCG 
GCA 


CTA 
-3' 


oligo- 


3 


5' 


- TGC 
CTT 


AGA 
ACG 


TCT 
CGT 


GAA 
ACT 


TTC 
AGT 


CCG 
GCG 


GGT 
GCC 


ACC 
GCT 


AAG 
-3* 


oiigo- 


•4 


5' 


- AAT 
GCT 


TAG 
TGG 


CGG 
TAC 


CCG 
CCG 


CAC 
GGA 


TAG 
ATT 


TAC 
- 3 


GCG 

r 


TAA 


oligo-5 


5» 


- CAG 
TCG 


ATC 
ATG 


TGC 
CTA 


ATG 
GCG 


CTC 
CGC 


GAG 
CAT 


CTC 
GGA 


TAG 
TCC 


ATA 
- 3' 


aligo-6 


5' 


- AGG 
AAA 


CCA 
AGC 


TTG 
CCG 


CGG 
CTC 


CCG 
ATT 


CAG 
AGG 


TAT 
CGG 


GCA 
GCT 


AAA 
- 3» 



. This plasBid contains a large polylinker flanked by 
rare cutting NotI sites for building large inserts that can be 
isolated from vector sequences fcr microinjection. The 
plasmid is based on pBR322 vhich is relatively 
25 compared to the pUC based plasmids (pGPl retains the pBR322 
copy number control region near the origin of replication) . 
LOW copy number reduces the potential toxicity of insert 
sequences. In addition. pGPl contains a strong ^---^P^"" 
terminator sequence derived from trpA (Christie et 
30 rn ri ft - T"^ (""^^ inserted between the 

ZlciUin resistan ce gene and the polylinXer. This further 
reduces the toxicity associated with certain inserts by 
preventing readthrough transcription coming from the 

ampicillin promoters. . 
35 Plasmid PGP2 is derived from pGPl to introduce an 

additional restriction site (Sfil) in the polylinlcer. pGPl is 
digested with Mlul and Spel to cut the recognition sequences 
in the polylinker portion of the plasmid. 

The following adapter oligonucleoti-^es are ligated 
. 40 to the thus digested pGPl to form pGP2. 

5« CGC GTG GCC GCA ATG GCC A3' 
5« CTA GTG GCC ATT GCG GCC A 3' 
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. l°GPl except that it contains an 
PGP2 is identical to P^^^ J spel sites. 

r cite located between tne ^^^^ 
additional Sf . I --J ^^^^^^ ....^ed wxtn Sf .1 

This allows inserts to d 
as with Notl. 

on OX r r ^ -* 



10 



15 



constant re.ion is ^"-f;:^:^ : ■ enhln^ -.crimed hy 

T..e heavy '^'^ (i990), which is 

petterson at al., "^' "Ls isolated and cloned. 

\n«rated herein by reference) is ^ the 
incorporarea „,„„rB is PCR amplifi-ec 

ratIGH3' enhancer sequence 
foUowing oligonucleotides: 

5. GAG CAT GCA CAG GAC CTG 

A^A DNA encoding the 3 

cut with BamHI and SphI ana 
enhancer xs ^^^^ ,^ancer 3')- 

cut pGP2 to yield pRE3 ir 

c aoninS-Sl^^iSILJzJi-SS^ region is cloned by 

- "'■''^lu^^^^^ tfated fro. phage la^a 
cabining two or .ore fragments 
5 inserts, see Fig. 9- fragment that includes all 

A 6.3 W, BHBHI/Hindlll f^^^^ ,,,047-1051 (1988) ; 
,u.an . segments C«atsuda et a^, ^-^^^ 
Ravetech et al.m SSil. 21- ^s-* isolated froa human 

GTS ATG « 11= Ldlll/Bamll fragment that 

„ adjacent Jc^ Hl""^^^^^^^ «cons 

(Ya.ui et al., IHT, ii-onudeotlde: 
„ similarly l»^-«^^";^%:^°c^c «x OCT a.c CAC cta »A 

„ ad,ae«.t 3 1-5 „„„ 4 id> 

isclatea usin, =1=". P^M ^sert as pro . 
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KORI/Blndlll £ra,»e»t i=oUt.d £roM h».a„ ,.n=,i= D»A Ubr«y 
with oligonucleotide: 

CCT GTG GAC CAC CGC CTC CAC CTT CAT 
CGT CCT CTT CCT CCT 
5 Bembrane exon 1) and cloned into pUC19. 

pGPl is digested with BamHI and Bglll followed by 
treatment with calf intestinal alkaline phosphatase- 

Fragments (a) and (b) from Fig. 9 are cloned in the 
digested pGPl. A clone is then isolated which is oriented 
.0 suL that 5. BamHI site is destroyed by Ba«HI/Bgl fusxon^ It 
is identified as pMU (see Fig. 10). pMU xs digested with 
BamHI and fragment (c) from Fig. 9 is inserted. The 
orientation is checked with Hindlll digest. The -su^tant 
plasmid pHIGl (Fig. 10) contains an 18 kb insert encoding J 
15 and C^ segments. 

D. °^ ^" Region ^ ' 

PGPl is digested with BamHI and Hindlll is followed 
by treatment with calf intestinal alkaline phosphatase (Fig. 
20 14). The so treated fragment (b) of Fig. 14 and fragment (c) 
of Fig. 14 are cloned into the BamHI/Hindlll cut pGPl. Proper 
orientation of fragment (c) is checked by Hindlll digestion to 
form pCONl containing a 12 kb insert encoding the region. 

Whereas pHIGl contains J segments, switch and fX 
25 sequences in its 18 kb insert with an Sfil 3- site and a Spel 
5. site in a polylinker flanked by NotI sites, will be used 
for rearranged VDJ segments. pCONl is identical except that 
it lacks the J region and contains only a 12 kb insert. The 
use of pCONl in the construction of fragment containing 
30 rearranged VDJ segments will be described hereinafter. 

E. nn nlnT y'\ f-«»stant T^pginn fPKgG?) . 

The cloning of the human t"! region is depicted in 

Fig. 16. . 
35 Yamamura et al., t»^»^. watl. ftrpid. S<?i, Pgft 

• M:2152.2156 (1986) reported the expression of membrane bound 

human 7-I from a transgene construct that had been partially 

deleted on integration. Their results indicate that the 3 
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^,once that includes the 
B.^I site .elinea^s ' ^'^^"^[^^^^ „f th= ,a». 9". 

transne^an' rearranged and ^^^„,or., in the 

. V-C intron of less than ^^.^^ 
rearranged, uns»it=had ^ane. ^ ^ ^^^^ 

,„cl«ded m a se^ence -'^^^'^^ "%,.„,„re it Is included 
^ of the first v-1 ,„Uson et al. , fflSlsiS 

^ S. ..3 « HindXXX fra^-t ^^^^^ „rated herein 

^^^«)- — t: :'-;e^StnS, also reports that 
.hich i. incorporated and this fragment 

this fragment * „. „ Ba»BI fragment must 

together with the 7.7 Icb H^"^" transgene 
inllude all of the ^Jtf. „„oleotid. ..guence of 

construct. An intron.= serene. ^ ^ of 

at least 15 contiguous nucleotides 

' -^"^^^rclones — — — ii:oru:ieotid. 

.:rrsp=Lrrth-rre.onof.x,c.,. 

" 5. TOA CCC ACG *AS 

TCA AST TCA ACT GGI ACS TSG = 

^ ,., Hlndlll to B,1II "'^2^"^^^ l^T. 

^^.rl:" co:f ixmed h. SamHX/speX digestion. 

- - --^C^V -crihed 

^uman J segments and the ^^,,on gene segments, 

■ pHisi was digested with stil (n^- ^ ' ^„„rt containing 

3. Lso digested With Sf ix to - n^r^eguence. These 

bman C7 exons and the rat , ^pig. 

se^ences were combined to P-^-^^^^^^^^ e. constant 

12) containing the human J segments, 
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„,ion, the =.X const,.. re,io„ and the r« 3. enhancer 

IVecrpfar— , hu.n « »a hu^ 

...t , ee^en. r!^^^^^^^^^^^^ 
5 and combining that with the Sfil frag^ ^ ^^th 

the rat 3 • enhancer by digesting pREG2 witn 
region and the rat 3 contains a 26 kb 

Sfil. The resultant plasmid, pCON (Fig. 

Hotx;speI insert containing hu.an hu.an .1 and the rat 
enhancer sequence. 

" ^^^"^^r^^^or c.„n.n, the h^en ■> se^ts i. 

deplete, in ... ^^J^ ^Z^^JZ^^^^^ 

Oligonucleotides are used: 

5. - TGG TAT TAC TAT GGT TCG GGG AGT TAT TAT 
AAC CAC AGT GTC - 3« 



OXFl: 



DXP4: 



25 DN4 : 



5. - GCC TGA AAT GGA GCC TCA GGG CAC AGT GGG 
CAC GGA CAC TGT - 3« 

5- - GGA GGG AGG ACA TGT TTA GGA TOT GAG GCC 
GCA CCT GAC ACC - 3* 



30 



35 



A 5.2 kb Xhol fragment (fragment (b) in Fig. 13) 
containing DI^l, DXPl, DXP-X, and DAI is isolated from a phage 
clone identified with oUgo DXPl. 

A 3.2 kb Xbal fragment (fragment (c) in Fig. 13) 
containing DXP4, DA4 and DK4 is isolated from a phage clone 

and (d) from Fig. 13 are combine. 

and Cloned inro the XbaX/XhoX site of pGPl to form pHXG2 wbich 

contains a 10.6 kb insert. 

This cloning is performed sequentially, f'i"^' ^ 
5.2 kb fragment (b, in Fig. 13 and the 2.2 kb fragment (d) of 



PCrAJS92/10983 

WO 93/12227 

64 

. . orinal alkaline phosphatase 
n,. 13 are tr..«. with -"-^"//^^ ,,3,. 

I =X=n.a POPl .i.-^- X an. ... inser.^ 

„sultan1: clones are „ith the 5-2 end 2.2 Kb 

„.lf of those done. test.n, pos.t. „,i,„„tion as 

inserts have the ..2 >^ i--' -J ^ ^.I £„^ent frOB 
aetermir.ed by BaxitI '^i^estion^ .^^^ pi„„id 

ng. » 1= "^"-"^ to form pHIG2. This plas-ld 

eoltalnln, fragments (h, -^^^^^/.^^ polyli^« ' 
-""^I.TxtLTrri;-. spel site. Th. entire 
:St-ts flanged by Kotl sites. 



^^^^nou;;^^'^'*! f;;„ror .ore V segments, 
.eavy a.aln -^^^^Ts^rnt corresponding « that 

AH unrearranged v seg ^ . the hybridoma 
identified as the V segment — ^^"......siS (19B8) , which 

of NewXirlc at al. , ^rft;^^^:;^ is isolated using the 
is incorporated herein by refer 
following oligonucleotide: 

„n.« rTT AAA GAG GAT TTT 
5. - GAT CCT GGT TTA GTT AAA 

ATT CAC CCC TGT GTC - 3 

, .est^iction - - tr:^Li :^t:j^^ 

dater-ined to id«.tify unique restri ,„„,i„tely 2 

^on digestion a D» "^^"^^^^t together «m 
^ containing the ^.i^fseguences wiU Include 

„ 3' fXanking seguenoes. The ^ ^^^^ the 3- 

promoter and other .e^ences necessa^ 

nanKlng se^ence P^-^-;:^^,,.,, 3.0 >=b V segment insert 

V-DJ joining. ""^'^^ to form pVHl. 

U Cloned into th. the resultant 

pVHl is digested "i* £crm a 

segment Is cloned ^Jf ^^^^^ Ly, the resultant 

-r;.-prn rair^ngle v^egment together .1. 0 
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3.^«,ts. tne sl« c. tne i„«« contained in' pHX.= i= XC. 

^ ana iso.t,.. PKX03. ^;2::z^.v:r 

1 co««ents is digested with Spel and NotI and the 
cyi segments is uj-ye enhancer 

sequence le isolated. Tn contains 

U,.ted into »ot ----,^ir/..^«„s, Si. functicnai . 
insert «.coding a V sega , ^ ^^^^ 

segments, "^'^f J ^. of the V segment 

insert is approximately 43 kd pi 

insert. 

I. construction of Heavy Chain Minilocus 

AS indicated in the previous section, the insert of 
,HX= is eppro^i^te. « tc . ^/^trJirrtLt" 

r..drcre: t^trptrir^^. » ^ 

wnicn may greater number of V segments, the 

provide «r the us. of '^^^^ ..combination of 

agi^nS^Hi^ upln .oaoiogou. recombination 
overlapping DMA fra^ „ans,ene oontainli., the rat 

within a zygote or ES cell to ^ 

-I' enhancer sequence, the human c^, t-u / 
segl^s, humafn segments and a multiplicity ox human V 

segments. ^^^/Hindlll fragment containing human J 

\ /I. in Fia 9) is cloned into Hlul/Spel 
segments (see fragment (a) in Fig. 9) « 

digested pHIGS' using the following adapters: 

30 . , 

5« GAT CCA AGC AGT 3' 

5« CTA GAC TGC TTG 3" 
51 CGC GTC GAA CTA 3« 
35 • g, ^gj, GTT CGA 3' 

The resultant is plasmid designated pHIGS'O 
40 (overlap). The insert contained in this plasmid contains 
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.-v,o single V segment from 

pVHX is used, °^^^tstu"ed and co-bined «itn 

„lus 2 Kb. This insert IS ISO ^1 „a rat 

eirt <ro. PHXC3. --"-rt ^contain hu^n , se^en« 
5 3. enhancer seiuences. Both 1 ^^.^ap between the 

Ihioh provide for appro-mately ^^^^^ 
1 J fra^n"- X:ro;r=^s ,e„eratin, a trans,ene 
3^ ho»ologous recomh^at^ 

eouivalent to the insert cont ,adition ot a 

,„ This approach ^-"f ' '°%„„,ene formed in 

' . , • (fv of V segments into the transg ™ent into 

.uxttpuclty Jl incorporating a single V s.g» 

For eMxple. segments contained on (1) 

^OS., a multipUcity fj^^ genomic 
genomic DSA, (2) ^l^ated DNA deri ,ion.d into 

genom synthetic V segment repei ,,g„ent. 

15 DK* encoding a syntn „.„„te pHIGS' V„. ' 

PHIG2 at the Sfil site to i„„ pHIGS- v„ and the 

Segment (a. of ng. ^ ^=;^„:rcontains a multiplicity of V 
insert isolated. ^J'^^ Z^^^V with the , se^ts 
segments and J segments . VMn 

col^ained on the ""^^f, { ^^e sygote, homologous 

cointroduced into the nucleus ^s transgene 

^inatlcn occur, to generate ^ ^ 

^no multiple V segments and multipl ^^^^^^^ ^ 

encoding muii-iF . j-egion (aii 

B segmwits, the W region, =T 
„ tb.r.t3. «*ancer sequence. 



ssDstr-^'"" of loans — 



30 
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A. Csngt£SS£i2Il-2^J2^ _ is depicted in Fig- 16- 

-^^rco;i^ctxon of P^'^^ ^^^^ „^ the Xbal to 
mouse .eavy Cain en.an- .s xs^^ ^ ^,,«3)) 

ECOBI 678 bp fragment (Baneni 

^^y. rrr TCT CTC ATA CCC 
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This fragment is clonad into EocWXbal dic,«ted 
pGPl by blunt .nd filling in EcoEI site. Tb. resultant 
plasmid is designated pEmul. 

5 B. -- n-— °^ " ^■^'^^^ N i pUocus 

The /construct contains at least one hUBan V, 

segment, all five human J, segments, the human J-C, enhancer, 

seyiusM* , irteallv. the human 3« K 

human ic constant region exon, and, ideally, 

^ 1 i?MRn T 8-1959-1964 (1989)). The K 

enhancer (Meyer et al., mSQ-S.- l-ia^s „„_e_ it is 

10 enhancer in mouse is 9 kb downstream from C,. However, it is 

^yerunidentified in the human, m addition, the construct 

contains a copy of the mouse heavy chain J-C;^ enhancers. 

contains «^ J^.^^^^^^^ . ^ .instructed from four component 

fragments: ^ ^ 3^,, that contains the human 

C exon and the 3- human enhancer by analogy with the mouse 

(b) A 5« adjacent 5 kb Smal fragment, which 

contains all five J segments; 

(c) The mouse heavy chain intronic enhancer 
isolated from pE,! (this sequence is included to i"^-" 
egression of the light chain construct as early as possible 
in B-cell development. Because the heavy chain genes are^ 
transcribed earlier than the light chain genes, this heavy 

,5 Chain eLncer is presumably active at an earlier stage than 

the intronic ic enhancer) and «„^^„ts 

(d) A fragment containing one or more V segments. 
The preparation of this construct is as follows. 

Human placental DHA is digested with Smal and ^^-^J^"^^^;" 
30 agarose gel by electrophoresis. Similarly, human placental 

DNA is digested with BamHI and fractionated- by 
■ ^Uc^oSoresis. Tbe 16 ^ frection i. i.ol«.d .ro. «>. 
digested gel «>d the 11 Icb region i. sl-ilarly isclat«i from 
the gel containing DHA digested with bmHI. ■ 

The 16 kb S»al fraction is cloned into Laiida FIX II 
(Stratagene, I,. JoUa, California) which ha. been ^^"""^ 
with Xhol, treated with klenow fragBent DHA *° 
Z the :<hoI restriction digest product. Ligation of the 16 kb 
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, 3ites and lases Xhol sites 
. /ipctroys the smal sites 
smal fraction destroy 

intact. „^ ,„,tion is cloned into X EMBL3 

- ^;^^;,,r,::nia) w.ic. is digested wit. 
rstrategene, La JoHa, 

. that su.=l=nea into the Xhol 
» 16 ^h Xh=r insert «>at 
^t„t c« is adjacent to tne 

Ue^antly ^-'^'ir^re^ orientation o« . s.^en«. C« 

« Pl-^i^'"""^^, are desi^«d pKap2. 

and the E*i enhancer ^-nts are thereafter s 

*.>,o Mlul site of pKap2 t° ^^^""^ segments, the 

into the Mlul ents, the human Jk segm 

— Te^r^aid £Tr;ora-;.re^ 

excised by digesting ^^^f ^^i.ied insert is 

--^Ti::" J"^^^^^^^ Of a mouse zygote as 
Bicroinjected into the pr 
previously described. 

, of K Light Chain Minilocus by 

c construction of Ki'^g^^j^gtiaS.- 

InJZiY2JiSiaSi2S21i_-^^i---*— ^^^^^ ^^^^ . 

^.e 11 Kb BamHI fragment . ^^^^ 

":jrsrlfererinto the PO-Un.er r-^^^^^ ^^^^^ 
segments xs The i ^^^^ ^^^^ 
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^ • ^ kb seauence of DNA that 
4^^r^m nKaDHV contains a 5 kd seq^^c 
fragment from pKapnv ^ w^^nntiallv homologous to 

Uclua. the sclents »hi=>. ^^^^^^^^^ 

transgene encoding V^, and C^. 

^a^LE 6 

corresponding to Rearrang ^^.j^ cene 

..is example describes the cloning of immunoglobulin 
,3 . Ugnt Cain genes .ro. ^ - ^ ^^^^^ 
i^nunpglobulin of interest. Such cells y ^ 
alleles of a given immunoglohulxn gen • e P ^^^^ ^^^^ 

hytridoma might contain four -P-^ ^^^^^ J copies 

re^rt-TftL four copies, on.^ne^^-^ ^^e^^^^ 

^unoglobulin of /^^^^^^^^^^ in this 

them may be rearranged. the expressed copy 

example allows for the selective cloning 
25 of the K light chain. 

. A. Qsii^l&.§tmiAS^^ . ly,„phoma. or other 

cells from human hybridoma, or i.y»p ^..^.^^ or 

. cell surface or secreted or 

cell line that synthesizes -^her cell s 

«^ TrtM with a X light chain are 
,0 '»"' ""tvAl S*- Th.V 1. then us.a for «» 

r^siSrc. .a.e. to th. 3. --r 

5. - GAG GTA CAC TGA CAT ACT GGC ATG CCC 
40 " CCC CCC CCC - 3' 
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. d cDNA is isolated' and used for 
The double stranded 5, ^nd of the inRNAs 

determining the ^^^^^"''^^.^ l^'^^J'Z of the expressed 
encoding the heavy and ^^^^^^^l,^^^^ ^ese expressed 
i^unoglobuLin laolecule. tor cloning the 

genes are then i^^^^^^'^- \^ ',,^uned in part B below, 
expressed light cha.n gene .s 

B. Lia&t^Ciiaill „.ed cDNA described in. part a is 

"T:;rrerpla:rfor a third round Of DKA 
3 denatured ^^^^^^:\:,,J^, oligonucleotide pr^er: 
synthesis usxng the 

5 ' necific: for "the 

constant portion of th. « Ug« 3^^ce8 
^ ^ Z .CR a^Xifica"- =< «- 

,0 that om " ""^ " * fsIA CGC CiT ATC AOC TOG 

ne»« --«rn=ri/Su.S^ - ^ 
UjS) . The sequenc* i» 

two oUg=nu=l.=tid« prtaers : .3 ■ 

25 5. - GTA CGC CAT ATC A^v, 

is then purified by gel 
The PGR amplified sequence ^^^^^^ .^^encing 



35 



40 



of =equ«nc» will ^ben be 
first « t3f,,.in, the 9»e fro» 

^ed to synthesis . ^^'^'^^rJloribed. «.is -Vnthetic 

wWeh i-™"'"*"'^" „iu be referred to below 

42 nucleotide segment of MA wl 

. soutbem blot Of OKA ^-Xrir»d\n'p.irwie. 
^.sein, =.U line -^^f^/^^jtestriction endonucleases 
co«bin=ti=n= with eeveral dlfteren 
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Dm fro. the I, expressing 3„.I 

3lte inside V ee^ent, ^ W r ^^^^ 

treated with the "^J'^^^^^Z site encoding linicers 
DBA .olecul... Then add «=f "="°" „ot exist in 

<B-H^- ^TiLThr" es oX xin-cer en^v^s to ,ive 

,0 ^«,.ent, and -'J^^f ^ Xhol ends. The DH. is then 

DHl tragnents wxth """I' J° electrophoresis, and the 

'-f -'"^,VeTr ritnt covering the expressed V 

::::::rxrc " "to ilda cr .an^. ,Str.ta,en., 

. =:'::::a"=eU.orni„. vse,.ent— 

-re rititd-rorrrpoiU^ o. 

The resulting clone is called pRKL. 
25 heavy chain m ^^"^^^^ procedure described in this 

^T^i: rrriectt :ionin, . ^. ^c.-- co„ 

" " " ""^u-ra^n^ld =0» is prepared and isolated 

30 .escri^d herein he«re «.e ---""-^^^ 
denatured and used as a ten>late for " 
^.sis usin, the follcin, oligonucleotide prl»er. 

S, . GTA CGC CM MC AGC TK ATfl MO »CA GOA GAC 

OAS SM OAA AAO GGT TSG GGO fiOA TGC - 3 

35 

This primer contains sequences specific for the 
. ^Mon of the M heavy chain message (ACA GGA GAC GAG 
constant portion of tne ^ n i „nicrue sequences 

GGG GAA AAG GGT TGG GGC GGA TGC) as well as unique sequ 
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. for the PCP. amplification of the 
tnat can be used as a pr..er or th 

Tewxy synthesize. OK. -^^^ ^^^^ .si., -e foUow.n, 
^O). The sequence aBplx-X 
two oligonucleotide primers: 

PAT ACT GGC ATG - 3 ' 

•s then purified by gel 
The PCR amplified sequence i ^^^^^^ sequencing 

. «f segoence are taien used 

first « " :',,;:r, 
iiri--°.^o-^^ « 

« nucleotide »eg.ert o£ D»l 

J, southern blot of "™,S'i^'pairwl" 
^° .^eeln, cell Une endonucleaee. 
c^inatlon. with .several ^^"'^ „,j^e that cleave. 

Uudln, Hlul (Hlul l» • "^'^"'J^ probed «lth the 
between the J »,ment and ■ ^ unique 

,3 laheued uni,V. r""'"^'* ^''^'^ 

restriction endonuclease site 

rearranged T segnent. „11 llh» ^ ^ 

^ fron the W 3^,1 adapter linlcers are 

with Hlul and second »-vme. Hl^ ^^^^ .^^tream 

30 U,ated onto the ends a^ cut ,„«i„nated^ 

site to «lul or- spel. The ^ including the 

agarose gel =1-"°^*"^ ' "«ad V segment is cloned 
„L fragment covering the containing clone. 

. ... i-he Dlasmid pGPl- ^ ^ . . _ insert is 



35 



agarose ge± e-^^" ^^esed V segment i.» 

„L fragment covering the containing clones 

airectly into the Pl'^^\^='/_,. „..„, and the insert xs 

"•rri:tr:!io:riurspric.t Plasma pcoH. ..e 
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rin-tm'->-A»n Huwar 

clones spanning the J,-c region. ^.,„i„_ 

..^ . ,, Vh xhol fragment containing 
containing together vith a 13 kb Xhol gw 

. ,-5 and =. into p=Pia .as cloned and used to create the 
fasmld pKc'or. This plasmld ?td , ^ 

" — = ^tinfaL hTs a JTJe S. XhoX sit. 

o£ 3' flanking sequences. It also na 
for cloning V. segments and a unique 3' Sail site for 
inserting additional cls-actlng regulatory sequences. 

" "^"^u..n genclc 0» phage library was screened with 
V light Cham specific oligonucleotide probes and isolated 
clones containing hu^ V, seg,^ts. runctional V seg^nts 
vere Identified by DKA sequence analysis. These clonal 

„ Ttaln Tm bo„s, open reading fra.es — ^"^^ 
triable peptides (including 2 cysteine residues) , splice 
::S:^es and recombination hepta«er-13 bp .pacer-non.«r 
Three of the clones were wpe* sequenced. 

cl^^ls, «.5 ana SS. appear to ^ -^f-^^-J-^ 

^^AArsrr f^T-amfis encodinq leader ana 
25 contain TATA boxes, open reading frames enco , 

Liable peptides (including 2 cysteine residues) , splie. 

Ld recombination h.ptamer-12 bp '^^'''^ 
.t^««e.. The third clone, 65.4. appears to encode a 
pseudogen. as it contains a non-canonical recombination 
30 heptamer. ^ ^^^^^^^ ^ cod». 

a mil family gene, was used to build a light chain mlnllocus 
construct. 

" ^ The kappa light chain mlnllocus transgene pKCl (Fig. 
32) was generated by inserting a 7.5 kb Xhol/Sall fragment 
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vhol site of pKcor. The 

=-"^"^"\:::::-:rr:: . - ... « 

transgene insert wa 

injection. „icroinjecte4 into the 

The purified e-brycs and 

, pronuclei ot fertilised /^^^ ,3eudopre^ant «»les 

Lnsferred the -"^-"'J-=X„ Methods of Manipulating tne 
as described by Hcgan et -'^J^ laboratory, »e» WrW . 

„„use E^ryo. «a6. cold Spr^. H , 
Mice that developed fro» -"^'^ ,„„them blot analysis 

t.. presence of wL esti-ted by band 

o£ tail OKX. ^^"T ' °r,l standards containing Xnown 
intensity relative " """"^.^ „.s isolated froB these 
quantities o£ cloned ,j transqen. encoded 

Zi^i^ ^ ""^-^ '°\rELIsra. described by Harlow and 
,5 h»an M «PP. Protexn ^ Sp„„, 
Lane (iB M-tibodies: X """"^^^^^^^r plate wells were 
Harbor laboratory, Hew ^-^> " specific for human « 

coated with mouse Mnoclonal antib ^, , Ig« 

^;pa (Clone «173 - ^„ 

,„ (cSnem, «285, «ac, Ino.,t.est^ ^ 

done ^5". T-'to tie wells and the presence 

,1 sp«:itic 5,at anti-human 13 

" r-ri": — -rrritroi an of ^ 

Pi,. 35 Shows the results ^^^^ 
«om 8 mice <I.D. "^;;;;i:, ;eveloped from embryos 

^-.'^tnl^ -rpK:! -ans^ene insert ^ the 
30 that were Selected with P ated by 

eighth mouse is !!°° » (described previously). 

. • ^v^nn of the pHCl transger^ v « /t n #'s 666 

r "of ---v'-^- "™ ^''^''=Ti:trt as a'slyed by 
^i* not contain the trans^ene in^^^^^^ 

3S DM. southern blct ana ysie,^nd «iv ^U' but one 

8,3. 8,0, a^^is e«.ress detectable 

ol the KCl transgene posltl 
levels of human 19 Wppa proteln, and 
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. „ be a qenetic mosaic on the basis 
expressing animal appears to positive transgenic 

Of DHA southern blot -^V-- J ^^^^^^ 

»cuse expresses human IgM and IgGl . ^ 

demonstrating the specificity of the reagen 



10 



assay. 



,«,«ra«d W insertiB, an 8 « ^ ' ^suiting 

V, ...5 into .ne 5. «.ox ..^...e. 

transgena Insart, which contains V ^ 
prior to «icroinJ.=tion by digestion with Kotl. 



^ , ^s constr^ot is iaentioai « -f^-^st, 
— - - - ~/rr.~ it contains a 

^tronic .n^nc« <--^^"„;^;„=;;tt containing t« 

together with a 1.4 Icb mui (Hayday et al., ^sSW^ 

. T- » Intronic enhancer ^naju^^j 

human heavy chain J-m intronx construct tests 

j^.„4.a.O («8«„ inserted "^"^/^^^^^ li^-t 
„ th. feasibility of initiating -'^^"^^^^^ 
^ .inlloous to effect allelic and 

SICCUS constructs can J^-^^^ chain 

4 « mouse or rat j ^^ff** 

enhancers, i.e., the mous o.i9S9-i964 (1989); 

w r.^^ TMever and Neuberger, FMPO i» 
enhancer (Meyer ^ ^..^g (1990) , which are 

30 Pettersoh et al. HatlJre s^.j.^^ 
■ incorporated herein by reference) . 

33 to reconst^u^ functicnally — - "^f, T ^ . 

"^J^^ZZ P»n. that inclnaes 3. of 
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^Hp kaopa light chain gene 
^cnlated from the Kappa, x -a 
flanking sequences iso transcriptional 
,5.5. The VJ segment fused to the ^.^^ 
sequences are then cloned xnto th ^ ^^^^^^^^^ 
vector PK31S that includes ^ , ^...^ting plastnid 

, and . Of -7;--jTu:r^^^^^^^ arranged Kappa lig.t 
contains a reconstructe ^.^ ^^^^ 

chain transgene that can be exc ^^^^ 
Microinjection into ^e^r.0^ the insertion of additional cis- 
sail sites at the 3 

sple«. genomic DHA. "^^7='"",, ^3 c=,..ple«entary to the 
a.c cat „a »<^';>^'^; and overlap, the 

^ S- region o£ V^II f-xly Ug^t ,.130 (,t, 

test ATC of the leader c,„pleBentary to a 

«a tea att etc ,a, " ,1 includes an a.oI 

serene, approximately 150 hp . , ^ ^ 

.it.. These two :^„4„„^i„, to rearranged 

,0 fragment from The PCR -P^^"^ 

V^ll genes Joined V ^„,i,i,„al P=R P«ducts 

digested with Kcol and """J »" „ 5 clones was 

into th. Plasmid pS>.03. ;^;^^^=^^i,„ai Joint, (open 
aetermined and identified »=> rearranged light 

,S reading frames,. ^*^^^-'^r«:;«ionally rearranged done, 
chain clone, are collect. • expre..ion 
ean be individually 'I""'* ^"3,,^ Transg«.ic mic g«.erated 
c...ett. descrihed "„„«ruct. can he bred with 

rearranged light =■> , , ,«ain of mice 

30 heavy Chain "^^--'"rXly hl^ -"bodies in which .11 

■ that express a spectrum ^„i„ is contributed by 

■ th. diversity of the primary ^'P^ ^ be 

^ ,,avy Chain, one source o^ 1 g ^^^^^ ^^^^ ^^^^ ^ 
£rom somatic mutation. Becau ^^^^^^^ ^^^^^ . 
, . 35 e,iivalent with >^-P-' " different strains of -ice, 

variety '^-'^'-^^^^JZ^ =-i-> ^ ^ 

each containing ^««^ „f this scheme, a. 

generated and tested. 
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A liaht chain miniloci, is 
oppose, to t« use ^^^^^^^^^f , ^^otypic exclusion 
^. increase. ^^'^ f ^ "^^ „ady to pair with a heavy 

coMS £ro. having the Ught o ^.^ 
enain as soon as heavy ,.„Us 
^ ^""trruy": antrhoaies, ana thus it oa„ eaciUtat. 

rr^on o h». . --nr T=r..i. 

NotI inserts of plasmi P ^^^^ .^^^^s. 

PKC. were ^^^^,^;^^ZVrZ^^^^ were .icroin.ected 

10 gel electrophoresis. ^ j^/g ^ CBA)F2 mouse 

into the pronuclei of ^"^^^^^^^.^.^^ ,^,^os into 
.^bryos and transferred the survxvx ^^^^ ^^^^^^ 

pseudopregnant ^^^^^^^ theMsasaJlffi^' ^^^^^^ 
,1., KStho^s_o01ai-^ 
,5 Harbor Laboratory, New York (1986)). 



EXAMPLE 9 



20 



25 



30 



«.a.pxe aesorihes the n the »u.. 

enao^enous^pa iocus hy ^^^^^^-^-^^J^XZ 1" the 
«^ryonic stem (ES) cells J injection of targeted 

.utated gene into the ^^^^^^^^^"^ J,,,,^ into early .ouse 
ES cells bearing an inactivated kapp 

e^ryos ..^^te and by homologous 

i^I^ector containing DNA sequences 
recombination with a vector a 4.5 kb segment 

homologous to the mouse kappa locus in wh ^^^^^^ 

of the locus, spanning the Jk 9^"%*"'' J 
L replaced by the selectable marker neo. 



r 'rrre: £rsn:;Krpr.ot::T^^xrCfr^^^^ 

rrr^L - -fcU,,. in the cxonin, vector 
^4 ^s^ra axso incxuaes a heterologous 



35 



10 
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derived from the 3 ' 

.„,etin, vector, ^^/f/^'^. .he ne= .^re=s.on 

cassette. sequences (Fig- 20a) we 

• '^^^'\rrarv dfrived fro. liver D.A usxng 

from a genomic phage ^^^^^ ck locus: 

, Oligonucleotide probes specific 

rXT CTT CCC ACC ATC CAG 

r 4:"=:^'- - " ' 

15 5.- CTC ACG TTC GGT GCi 

*- emending 3' of the 
-«ont vfas isolated from a p . a 6.8 kb Sad 

this fragment, ana same 5' to 3 

r^r- ^^^^^ - 

'° „ then included in the construct 1 ^^^^^ as 

35 r«aln.d th. Pl7^^^="^y*;e„. bracketed by the 

struct^al se^=es "'^/^^....L se^ences a. desert 

„use P"-7 =f 'ZTZl sit. =f P=»' <« 
,bo« for POBO P'^^' • 
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.a^I Site and the TK cassette was then excised 
modified to a ^^^^ subcloned into pGPlb to 

as a BamHI/Hindlll fragment and sue Xh^I 

sit. and th. Xhol fragment "™ ^ „a 3' o£ C, 

, .U„.e. — t.e targeting vector 

was inserted into pGPlb tk y the genomic 

The Dutative structure ot ^ 

shown in Fig. 20e. 

^^-^-^'"^^^ftlf cells used were the ^-1 line grown on 

.He SNL76/7 cell feeder layers (McMahon and 
^itotically. inactive NL7 /7 ,3 described 

- Bradley, ^^^j ;"riI^LiLin.^^ 

(Robertson, E.J. (1987) u. .3^-—^^^ ed. (Oxford: IFL 

^^^^^-^-^^^ .S lines include, but a^ 

^^^^'-^^^ r !!i 448i The success of generating a 
^""\^ofBS eus .Ling a specific targeted »uta.ion 
mouse line from ES ceixs ^^^^j. 

aepends on - P^^^^" f.^t "astocy-t. « participate 
,5 ability, once injected « »° oj the 

m embryogenesis and contribute to the gen. 

^f;il;ipoten=. o, any given ES ceil Un. can vary 
The piur p been 
with tiM in culture and th. care with ^ „ 

30 handl.d. Th. only ^'""""^ J!:;^ JtUTtls c.11. to b. 
deter^i.. irro fi^^^^ capable o. 

used lor targeting can giv. rise 

, ger^ine trane-isaion of ^ J Lr„t.l population 

„ rfrrci-riSer^^^^^^^ 

■ —irrr rc^ri -r^ion and .ether the 
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^T-ansmit the Es' genome to 
.a^ority of these chimeras can trans. 

.he Kappa chain t:^^o"^/ ^^^^^^^^^^^^ 

,i,ested with HotX --^f^f^^^^. ^:243-..S d^-))- 
methods described (Hasty et al^, ^ ^. ^^^^ , 

Electroporated cells were plate ^^^^^ ^^^^ 

..... ,n6 r!ftllS/dlSh. AI^^'* ^AAari tO 



10 



Electropora^e- ■ ^ 24 hoiirs, - 

,„0.,/»l Of active „er. " °^ 

Tver days. CXone, ^^.^ .^Balf of the cells 

into two portions, and ,„d the other half 

derived from each clone were th ^^^^^ 
„ely.ed for hcologous reco-binat^on 

tarqtet sequences. ,.,„ied out by Southern blot 

DNA analysis »a. as descried 

^hridi»tion. D«Awas 1"^^^^ ""^^^ digested with 

7„i^ et al., H^^^-^^i^ xbal fra9-ant indicated 

Lai and probed with th. "° J"' f,°"U.ets a 3.7 «= Xbal 
^ n,. «e a. probe X. . ,,.^ostio i.a »> 

£„^ent in the wild ' „„„^ln«i with the 

in Tlocus whioh -Xtr^nd Of .01 0.1. and PXX. 

t„,etlng vector (see Fig. 2 ^^^^ , 

distant done, screened . hcologous 

displayed the 1.3 «. Xbal - ^^^^ , 

, ,eco*inatlon into one 'I '^^'Zls Bglll. sad, and FstI 
.ere further ho»clogously into =n. of 

to verify that th. vector integrat ^^^^^^ 3„„ ^ 

the Xappa genes. «hen probed With^ ,„e,ts 
EcoRI/».>I fragment (probe « ■ ^'^^ ^ 5.,, „a 7 tt, 
„ Wild type OHX P^-/»2»" a t;rgeted Kappa allele 
^pectively, whereas the P'^^" .. 5, „d 5.7 1*. 

^ Jd be indicated by fragment, of 2^ ^^^^^^ 

respectively (s.e ^i/" '"^J , the expected BgllX, SacI, 
detected by the Xbal "'^^^ tic of a homologoa. 
35 and PstI restriction i„ addition, Scuth^n 

..combination at ^'^^l^'^'T.^^ targeted clones .sin, a 
hlot analysis of - -"/f ^t,. ,,,, generated only the 
„.o specific probe (probe B, Fig 
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. r.f A 2 kb, demonstrating that the clones 
predicted fragment of ^'^J^' vector, 
each contained only a single copy 



rienerat 



' ..evious section .e« 'T"^ 
Ls«cyst. a. descried '"^t^;^^^^,^^;^!^ 
E .- r'tO'-TTHlPll'll "111 WTTCT l 1,0, pres.), p. 113-151) 

10 ^ transferred into ^ ^ cells 

generate chi-erie «l=e .^^^ blastocyst. The 

:riii:ir-r trirchi^eras =an . vi.uau. 

- — ^:t:,T.'Z resullin, .ro. blastocyst 

injection ,i,^ntatlon, and of these, the 

agouti as well as blaoK pi9» ™.ter) ES cell 

^lorlty showed «ct««ive '"/--"^^^/jn^tells ar. » 

,0 contrlhotion to "''^ J^^^^^i^ Z^^^' 

cell line and a «3ority ot ^ „ colonized by 

^. .^1. d«. to se. conversion of , ^.^^ 

- -"LdTrr^rrritst: :hroffsprin, 

„ r-rl rtTesence of the dominant a,o.t^ coet color 

r-Tfr^ r:r:hnr:rs^::i:i". 

Chimeras from two oi 

.,o»ti offsprin,. Since "'.^^Hup had a 5. 

^ i 4.Ha ^nHected ES clones, eacn agouti 
targeted in ^ locus. S=r.«.ing for 

,0 p«xent Chance of ^lot analysis of 

z n!::::strd":rfroTttu hiop.is, usin, th. .0^. 

• " :krtrrwtirtr^rof."^ 

;.rilh. transalssion cf the targeted Kappa locus. 
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nprate mice homozygous for the 
in order to 9^"-"^" " ^ ,,,, and the Kappa 

genotype of the offspring dete ^^^^ i^eterozygote 

!^e=fed, three genotypes were de^^ ^ ,.ppa 

Ttings: wild-type .ice ^^^^^^^^"^ J.^ed copy of the Kappa 

gene and one NT Kappa ^^"^'^^^^ ^ ^ fro. these latter 

Station. The ^^^^^'^^^l^^lon Tf the Southern blots wxth 
«ice was verified by hybrxciizati ^^^^^^ 

ocific for Jk (probe C, Fig- ' j^^g from 

a probe specific to k observed to DNA s p 

nyhridization of the J, P-^^; " hybridizing signal was 

Jterozygous and wild-type sibUng ^ . 

---^ Tjrrrc; ^th copies of - ---^ 

b^Hnl^^ated by deletion as a result 
imitation . 

EXAMPLE 10 

^ ^^.-ffyatlTI T" ^'^ 

20 Ee£2S!lJin3£i2a describes the inactivation of the 

This example describ ^.^ ^^^^ 

endogenous murine i-^^'^^^^^^" '^^^ (ES) cells. The 
homologous --bination - e^^^^^^^^^ ^^^^ , .egments^y 

strategy is to ^^^^^^^^^^^^^ .^ctor containing heavy chain 
homologous recombination with a ^^^^ ^^^^^^^ 

se^ences from which ^ , ,,,Ker neo. 

replaced by the gene for the 

constraS£i2IL-ef.2.--SiS^^ the Jh region 

^^i^^^-^^^^^ "^ rmic phage library derived 

. were isolated from a genomic P^^^^^^cad. 

(Fig. 2la) were jQ^ssler et al.. EESS^.-ii-^--^'^ 

^^^2:-- "o^: (ISSS)) using a specific 
oligonucleotide probe: 

- /-nil rcT CAG TCA CCG 
CTA T« X- XCT 0=0 — 



25 



30 



35 
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Q^rT/stuI fragment/ spanning the Jh 

„,icn, was "Te .titin, pUs.ta was 

""r:L T « n-ycin resistance ,ene <neo) . .sed 
a„lg„atea pOClB *° " „us, was darivd from a 

for drug selection of 1^ ^ „port in the 

.epaired version of t^e ^^^^^,,^,1^ 
Uterature -Venofs , e 

"""■^ " of scleral =o«.only used expression vectors, 

^ ^rir^tariorUes .e .ctivit. Of 

restriction fra^nt '---^ r4:t.:"c The 
5 corresponding se^-ence ^ converted to . 

Hindlll sit. in the prepared <'"^' ^ neo 

Site ^ '^^^-::jj'':x^t:^ ^vs^^^. - 

.repression cassette excised by g „«tm«.t with 

^ ot th. neo fragment were then blunted by 

plasBid PUC18 JH-neo (Fig. 21b) . ^^ctor was 

purther construction of the targeting 

Carrie, out in a derivative o. the ^^^^^ J^^'^^^^^^^ 
iS digested with the restriction enzyme NotI and Ixga 
following oligonucleotide as an adaptor: 

TCC AGC AAA GCT TTG GC -3" 

The resulting plasmid, " called pG«T. was used to 
build the »ouse incnunoglobulin heavy chain targeting 

^°"^"""-The Herpes Simplex Virus (HSV) ^^^^'j^^'f^ 
included in the construct in order to- allow for 
35 gene "-^^^^^Vlones bearing homologous recombinants, as 
enrichment of ES clone g ^^^^^^^ 

described by Mansour et al. (fiaiilEfi 32& 

«v,<-ained from the plasmid pGEM7 {li^} oy 
HSV TK gene was obtamea ziom i-n f 
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. The TK DNA fragment was 

«,esti=n Wit. -^Jf si«s of P=»T, 
subcloned between the EcoRX 

target se^ience, a 5.9 K 5 ^ positive genomic phage 

5. of the Jh region, was ^'"J'^'^ ^ ^.^ ^^j. partial 

clone by limit digestion "'^^^ ™ aas XMI site is 

digestion with Xbal. ""^^^^^^^ deriv«i from phage 

plasmid pGMT-ra-J,5' ("'•J'"'' - „„,^3^rti=n involved the 

. The final step -JO^^^^f^ ,„^ent which 

decision from P^JCIS .„-neo of ^ 

.stained the neo gene -^^=*^^J„„ ,„i^„ese and 

«is fragment «" ^^^^^^llted XhoX site of 
.^Cloned into the s^ilarly , 

pOWr-TK-JaS'- "'^«,=e. flanking the J. lo="=. 

Contains 6.9 «. of g«>o»« „hioh has 

,rtth a J.3 1* deletion '^^^^^ J, the structure of 

TendTgru: rv:rar;ene I^er homologous recombination 

With the targeting construct. 



25 EXAMPLE 11 

f,danamis_of^ar3^ 



,.0,3-103= -ren^auras ascribed 



35 



rd«\::- --tlallV as described 
SHI,76/7 cell feeder la-V^ „^ B-brvot 

<^^U^^-^-^-f^^f=St;= iled in the previous exa^pi., 
press), pp. . „ cells with the targeting 
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,i,e.ted with »otI and .l=n,>. 

^thods described (Hasty et al. , a 

aectrcporated cells were plated .n 

5 density o. x "^^."".^ were added to 

<.00.,/Bl of active component) -^J . ^^^^ „ develop 

the »ediom, and '^"^-resistant cl ^i^i^ed Into 

<,„r 8-10 days. Clones were p.ck^d, yP ^^^^^ ^^^^^ 
.^.porUons. and further e^anded- ^^^^ ^^^^ ^^^^^^ 

,0 from each clone «=tor and target 

tor ho«.lojous recombination between 

seijuenoes. ,,rried out by Southern blot 

OKA analysis "/^'^^^^ ,,,„e. as described 

hybridisation. ^ was "^"'^ digested 
15 (Laird et al. (1991) ^-—-T^T^oRI/StuI fragment 

With Stui and P"^'\"^^ f; probe detects a StuI 

designated as probe A i"/^';/.^ ,,^3, „bere,s a 3 Ich b«.d 
fragment of 4.7 Itb in the wild .oogenous 
I. Sagnostic of homologous """"'""^Wg. »^ « " " 
„ ,«^ces with the .Leened by Southern 

525 G418 and mu °" in the 3 kb tr.9m»nt 

blot hybridization, 12 were fo^d to con«„ 

diagnostic of -^^r t^eted 'event, at the 

«,.s. Clone, represent the «P ^ 
25 locus (as shown in rig. 2H) "« Hybridization of probe 

digestion with Hinaill. SP^ Z^^^^ZlZZ. Spel, «^ Hpal 
V (see .1,. nf) to ""«'-";^f = ^, end >10>=b, 

digested DKX pro^uc» bands 0,^2. 21a,. whereas 

respectively, tor the wild yP rtively, are 

3. ^ Of S.3 Xb, -« f^te.^'r.ln locus (see Pig nf ) . ' 
<^ed for the ""^"^^'"^ digest showed the 

All 12 positive Clones diagnostic of a 

-predicted KlndZXI. ^-^^^ ^ » ,^1 blL analysis of a 
targeted J, gene. In „.o.„eelfic probe (prob. 

,5 Stux.dlgest Of all -^:,:irted fragment of 3 ^, 

:;m:::;r:rrre rils ea^ contained only a single 
^jopy of iihe targeting vector. 
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th^ targeted ES clon _ 

4.i„» uere thaued '"li injected into 
previous se=ti=n were ,3,, i„ 

,las«=Ysts as described '«""^^;^^i^,_6_Ea£Si£al 

E... ^=>=f -";„:t;i pseudcpregnant fe^lee. The 
„d transferred into [^^ was visually 

e«.nt of £S cell =ontri.ut »go ,„lved 
estimated fro. the a«ounr o^ ^^^^^^^ ,,,K,round. Half 

,0 «o« the cell ^ ,,,.„,,st injection of two of 

of the offspring resulting Jr ^^^^ ^^^^^ ^ 

the targeted clone. ^^'^^^ [^J^,, done did not 

as bla.* pigmentation) ; the ^.j^^ity of the chimeras 

generate any chimeric „ greater) ES 

15 showed significant CPP-^-^^^^fJ. since the AB-1 ES 

cell contribution to •^'^\?^^^;Z chimeras were male, due 
ceUs are an cell Una, ""^ °^ ^ „ale ES 

to se. conversion of female ^'JJ^^',^^,^ female, and the 
cell.. Males chimeras were '=«*^^7„=V^»inant agouti 

,„ Offspring ^''^'^^^J^lX^,^, transmission of the ES 
coat color indicative ot g consistently 
genome, chimeras from both of the clo 
generated agc»ti offspring. """^ ^ clones, each 

chain locus-^ targeted in ^=^^«\^„i,i„g the mutated 

„ agouti pup hfd a » -"/^ ;L was carried out by 
locus, screening for the j„„ tail 

southern blot analysis of stui dig ^ ^eted ES 

hiopsles. using the ^'^'^^'^''^J^, .pfro^imately SO 
clones (prob. A, rig. Jlf) • A. exp ^^j^, stuI baid 

3. pero^t of the agouti ""^J-^^fJ^t wL-typ. band f 4.7 

• -^Cni^rs^;.-- — ^^^^^ - — - 

'""forder to generate mice ----.^ fe'evy chain 
- station, heterozygotes ^ ^^J^ rres^^hed above. As 
genotype of the offspring heterozygote 

e^cted, three '""''^"J^ « f=P e= of the normal 
Batings: wild-type mice bearing two 
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.ocus, .e.ero..otes ca.in. one .a..e.. ^ 

one .o^al cop. an. J ^^^^ ve.i.iea 

absence of J„ sequences fro. ^h-e 1 
hybridization of the Southern blots of StuI 

5 a probe specific for Jh (P"^- ^' ^'"^ ' "^^^i^ DNA 

stated by d.letion of the Ja sequences. 

EXAMPLE 12 

15 A. (:(?n«i;tru<?i;j f>Ti yT ^^^^ « 
gftfjuences 

^Th. pl.s»ia PB«2, «.. digested with EcoPI and Styl 
^ and Itgated with the tollowlnq oli,=.nu=leotid«! 

" cU,o-4J caa ,a, === ,cc taa t,a ,c, ttt ttt tt, cat 

act gcg gcc get -3 
oa,o-43 eat ta, c„ c=, ca, tat ,=a aaa aa. a,= ==, etc 

2i att agg egg get -3' 

The resulting plasmid, pGPla, is designed tor 
Cloning very large DNA construct, that can - ""'f ^ 
30 r«e c!ttlng restriction enzyme Hotl. It ' 
r»triction site do»nstre«. (relative to the a^,icillin 
:"rst:^te",ene, o. a strong -n-iP"-;'^'" 

derived from the trpi gene (Christie et al., KEa. 
, ! 7\-!:' L..S. ^M»0 (»»i.)- Thl. termination «^al 
,5 rilLes *e potential toxicity of coding sequences ins^ 
^ 1^0 the HotI site hy eliminating readthrough transcription 
SI the «PR gene. In addition, this plasmid .s low »py 
relative to the pOC plasmlds . because it retains t^^" 
^ „^er control region, ^e low copy number '-""^ 
.„ ^ces the potential toxicity of insert .e,««.ces «d reduce, 
selection against large inserts due to CK. replicatxon. 
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H DGPlf are derived from 



5 

pGPla 



NotI 
GCGGCCGC 



Gcggccgcctcgagatcactatcga 

15 

pGIlc , BamHI SacII NotI 

prior to Bloroinjectlon. 

" . 4i,..ted with «c« li^'*^ 

pGPla was digesT^eu 

following oligonucleotides. 

att aat cga 
.ao aag ctt act get gga tec tta att 



50 
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•A «GPib contains a short 

resulting plasmxd, pGPlb, ,,,,^,t^^^s the 

digestion. 

The fS^wing oligonucleotides: 

«at cca gat ate agt acc tga aac agg get 
oligo-44 5- etc cag gat cca g 

" aca cag cct 

- - - - 



- use. « a.pU.V - S^^^--" '-°» 

enhancer (S. Petterscn, et .1^ «chntgue. 

ret liver DKX by the P'^^ITardi^ested with B.^ 

The amplified product wa. d g ^ ^^^^ 

,0 SphX and Cloned into Ba^/SPhX fwith'L .ollo^^ 

arrived plaemid that Ba-a, K=oI, 

...trictlon eitee, 1^'"*^^" . ^m, EcoHl. S.al. Kpnl, 

Bindlll, «.d "o").- T"" ine!rt containing the rat U 

„ with ^ Hi-^"'' "f'Arto Ba^I/Hindlll digeeted 
^..vy chain 3. enhancer cloned into ^ ^^^^^ _ 

POP", reciting Pl«^^^=^„ i„« «hlch se^ence. 

contains several onxgae ^'''^'f^ „,ether with th. 3- 
b. cloned «.d .ubs«nently ex«s 
30 enhancer hy Mtl digestion. 
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^^^^^ 




^^^^^^^^^^ 




Sequence of vector pGPc. 
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nf pJMl 

A huBan placental genomic DNA library cloned into 
the phage vector XBIBL3/SP6/T7 (Clonetech Laboratories Inc. , 
Palo Vto, C.) was screened with the human heavy cha.n . 
region specific oligonucleotide: 

i-niL ccc tqt gtg atg ctt ttg atg tct ggg 
10 oligo-1 5«- gga ctg tgt ccc rgt g y 
gcc aag -3' 

.„d th. phag. clone X1.3 isolated. ^ 6 ^ Hi>,dIII/KpnI 
15 frL thie Clone, contelnln, all six J .=9b«.« 

rrrs D se^«.t DHQ« an. the heavy cHain ™= 

e^ancer. »as isolate.. Tne sane library was screened «xtn 

the human (i specific oligonacleotide: 
,0 oU,o-2 5- cac ca. ^t ,ac ct, cot 9,t =ac a^ cct ,ac ca= 
eta tga -3" 

\, 1 Isolated A 10.5 W> Hindlll/Xhol 
and the phage clone X2.1 isolated, a iw 

25 fragment, containing the , switch regxon and all of the M 
cInLnt region exons. was isolated from this clone These 
To fr^Uts were ligated together with KpnI/XhoI digested 
pml03 to obtain the plasnld pJMl. 

" A 4 icb a>=I fra9.«.t .as isolated fro. pha,. clone 

12 1 that contains sequences i«ediately downstrew. of the 
X2.1 that CO i^,^ 3„ called W ele««.t ii«ol«d 

!. iito^orated herein ^ reference,. «.i. -Ta^"* 
treated with the Klenow fragment of DHA poly.«ra.. I and 
ligated to Khol cut, Kleno. treated, p^l. The r«=ultin, 

« retaine; the 3. Xhol site due to incomplete -=tion ^ the 
Klenow enzyme. PJK2 contains the entir. human J region, th. 
Str=^aira-. intronic enhancer, the . switch region end .11 
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as well as the two 0.4 kb 
Of the . constant -^^^^Z^^^;,,,, ^-associated deletion 
direct repeats. C and E^x, ^nvo 
of the fi gene. 

«.P n 1"'""" ^"nsT:ru_^ 

5 3. iS2l3tJ£n.fi2.^-i-3J— specific 
The following human u i. ^ 

oligonucleotide: 

„t «,= ggi: «g W "° 
agt gtc j 

nlacenta genomic library for D 
used to screen the hu.an place^^^ ^^^^ ^^^^ ^^^^^^^^^ , 

region clones. Phage cio elements Dri, 0^1, 

S.5 ^cb.XhoX fragment, (.^ss,), was isolated 

and Dh, Clchih- et al., S^^.^- ^^^^^^^ ^ 
,ro» phage clone X4.1. ^ ^^^^^^^^3 D^-X, and 

fragment, that includes the ° ^.^^^ of these D 

pla«.ia '«*",^^" Zc ..^ene... ». upstream 

£ra».ent was than eJceised with resulting 
fo^^traa. f«,..nt "i- -^^^ ^t. SalX .l,.stea 

„ r^.^ Sr pDBl contains a 10.6 Xb 

psp,, to give /aegments and can be «ccised 

insert that includes at least 

withXhoI (6M an* 

" ^ ^ plasmid ^ was -'"it^ - 

isoschi^cer of..KpnX, "/...iting DK^ was 

Klenow fragment of DKX P-^f"^"^ ^,„i,^ed. This insert 

" TgesiCe to generate PCOHI eng. 

5. m25J. fj,agment containing the 

A 10.3 M> genomic Hindlll rr ^ 

variable region segments Vg^iai 
40 two human heavy chain variaux 
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^ =1 Nature 331:446 (1988), which is 

give the plasmid pVH251. 

5 6. ElSlli r,aw-iallv digested with Xhol 

The plasmid pCORl was partially aig 

■ ♦.L vhoT/sall insert of pVH251 cloned into the 
and the isolated Xhol/Sall mser f 

. =™ vhoT site to generate the plasmid pIGMl (Fig. ^oj 

:rr :^„c.u ^ ^^^^ 

.0 .east s ^ 0 se^«>« ^ region, 

j-u enhancer, the human afi element, tne nun h 

«g.t.er »ith the rat heavy chain -^J^"'/"^,^" 
of th«e =B,r>an=. elements can be Uclated on a 
^L™^t away from vector sequence., by digestion with HotI 
" Z'^o'^^ct^ into -s. embryo pronuclei to generate 
transgenic animals. 

c. ^-Ti f T- r--^^- ^^^^ pvprp -i nn TiiinUpcu^ 

20 trnmmfr*^- ^ , 

1 TTnlnti nn "'^ T 7?"sta nt r?T^i"^ clones 

J?P*fl^?-vn r '^'•^ 7 e for human Ig 

The following oligonucleotide, specific for num 

g constant region genes: 

^S 011,0-29 5- =a, cas cac a== =a. tgc ==a tga ,=c ca, ao. 

ctg gac -3* 

ue«l to screen the huBan genomic llhrary. Ph.,. clone. 
Ts.* and X29.5 were i.olat«i. A 4 Hlndlll £r.g»«t of 
30 Clone X».4, containing a . switch J^^" 

p„L a h„«n placenta genomic DHA library cloned i^ the 

■ p„,ge vector lambda FIX- II (Stratagene, La JoUa, CA) . PM,. 
7lL XSgl.l3 «.. i.ol.ted. TO d.t«n.in. th. suholas. of the 
firtere^t ; done., dldeoxy se^encing reactions were carried 

35 Z ZZ subclones of each of the three phage clone, a. 

■ ^'plat^ and the foll«,in, oligonucleotide a. a primer: 

oligo-67 5«- tga gcc cag aca ctg gac -3' 
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Phage clones X29.5 .nd XS^1.X3 were both determined 
to be of the yl subclass. 

^ 7.8 icb Hindlll fragment of phage Clone X29. 5^ 



10 



15 



20 



25 



30 



The 



35 



containing the .1 coding region was cloned into pUClS 
resulting plas»id, pLTl, was digested wxth ^"^'^^^^^^^ 
I ^-.d and religated to destroy the eternal Xhol site 
treated, and ^^^^^^ Hindlll and the 

resulting clone, pLTlxk, ^^JJ ^^^^^^^ the plasmid 

insert isolated and ^ polylin3cer Xhol si^ 

clone pLTlxks. Digestion of pLTlxks at a p y . , 

and a Lan sequence derived Ba:nHI site generates a 7.6 Kb 
^^glent containing the .1 constant region -ding axons. T^is 

XhoI/BazoHI fragment was cloned together with an 
Id^oent downstream 4.5 kb BamHI fragment from phage clone 

^3 nloTo^BamnX digested pCPe to generate the plasmid 
do;' PTCX. Prel contains all of the .1 constant region 
:X Lons, together with 5 Kb of downstream sequences, 
Un3ced to the rat heavy chain 3- enhancer. 

^ A 5.3 kb HindlXI fragment containing the switch 
region and the firs, exon of the pre-switch sterile transcript 
CP. Sideras et al. (.3.) 

isolated from phage clone K .1. 1. and^lon^ 

the polylinJcer Xhol site adjacent to ^ ^ 

to generate the plasmid clone pS^ls. The ^^"^/^ 

PS Js was Cloned into Xhol digested PTel to generate the 

psyis was contains all of the yl 

plasmid Clone ^ye2 (Fig. 26) . P7e2 

eanstant region coding exons, and the upstream swn.ca y 
^^ile transcript e*cns, f„eth« with 5 .cb of d«m.tr«. 

llnxea to tne rat heaw chain 3. enha^cer^ This 
cl^. contain, a unique Xhol sit. at the 5- end of the insert. 
L entire insert, together with the Xhol site and the 3' rat 
Lanier can he excised £ro« vector sequences hy dx,est.on 
with Notl. 



wo 93/12227 



PCr/US92/10983 



95 



10 



4. eHSI ^<rtP.;ted with Xhol and the 43 

The plasiaid pIGMl was digested wit: 

. . isolated and cloned into Xhol digested pge2 to 
icb insert isolated ana contains 2 

generate the plasmid pHCl (Fig- ^^"^ at least 6 human D 
Actional human variahle region -^^-^ ^ 

segments all 6 human ^^^^"'^^ '"o, all of the human 

,4- vHo human u switch region, axx 

, coding excns, the hUBan 'l,''t«ccUted .witch «,i=n and 

--•-;=n:™"trj:rs ",ethe. with th. ^t 

sterile transcript U,ese sequence 

heavy chain 3- enhancer such ^ „^ 

— " ::,"r.r,erti n r^ctx'Ind .icrcin^ectea 
7^:ZTZZ 7rZ.. to generate transgenic ani^U. 

ttt att cac ccc tgt gtc etc tec 
oligo-49 5- gtt aaa gag gat ttt 
aca ggt gtc -3 

^ , - \A9 8 was isolated and a 6.11«b Xbal 

c^^inl rL,e -i^r «g.ent VH«.3 suhcicned into 
fragment containing downstream of 

PKK03 (such that t^^^^^ .0 generate- 

,0 VH49.a and the polylinker Xhol site is up 

the plasmid pVH49.8. An 800 hp region ^^ ^'^J^ ^^^^ 

^ ^nri VH49 8 found to have an open .reading iir 
sequenced, and VH49. 8 loun ^.^^^is thus indicating 

intact splicing and recombination signals, thus 
that the gene is functional (Table 2) . 
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TR.BLE 2 

c?G33 ASSirn^JSG GcrrGSXTC rsGcssrr 

.-j ^ - : t:= -. s :x 



rx3U-.JixvJiVJ vT-r-i^ ' 

-T^isaaiR cczrrcr:::^- TSRiKrG::^^ aatsmtts. gstctixzs. --SO 

.-.^..SflSrr crrCTTGIG GirS3S3G crscaogtaa ggggt^-c=-. 300 

■ elBuFneVal ValAlaAlaA lalhr 350 

'^Sia czza^ag carc=r=grc zagcraaaga gaarn:-u. -50 



400 



450 



cacccc: -c ^vValSn SerOnValG IcLsuValGl 

^™ 

ys^^^^^^ ^^^22!SS A^^cc CT^^ so 

^ p^ffirfr rapaftf^ GROaaGRftG SSQCIGIGC CQGGCIGfiSs /Ju 

812 



2gquencea£limnanV„IfexiilfygeneV„49^^ 
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2. BY2 



4 .b Xbal ,en=,.ic fragment "ntai^in^ t^e 

ti hu^an baavy cbaln ,ana VH».S UnXe. up.tre»^ - 
th. a.B. orientation, with a unique sail S t. at the 
0 tne insert and a unique Xhol site at the 5- end. 

^" 0.7 tt. ttal/Hlndlll fragment (representing 

saqu«>=es l^ediately upstream o£, and adjacent to the .3 «, 
.S Tswltch region containing fragment - --^^ / ^^^.t 
together with the neighboring upstream 3.1 3* Xbal fragm 

isolated from the Phage clone Xsgl.l3 =1°-^^" 
^Il/aal digested pOCls vector. The resultan, plasmld, 
■ S^"s. contains a 3.. insert representing ""T^enc^ 
„ !plLL; or the initiation site ot the -t""' """f 
/ound in B-cells prior to svltChln, to * ^ J^^' 
Slderas et al. , imi-Fint1"ml TW»°n»l. 1=631 ' " 

tie transcript Is Implicated In the Initiation of Uotype 
switching, and upstream cis-actlng sequences are often 
„ l!^nt for transcription regulation, these s«r.ence. «re 
" ^fln tr^sgen. constructs to promote correct e^cpression 
of the sterile tr«.scrlpt and the associated switch 
recombination • 

30 4. 22£Ja. ^^^^^^.^^^ ^^^^^^^ 3^^^ 

Hindlll, treated with Klenow enzyme, and ligated with the 
following oligonucleotide linker: 



35 



5«- ccg gtc gac egg -3' 



The ligation product was digested with Sail ^ " 
SlI digested p«. The resulting plasmld, pVP, contains 3.8 
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^ „£ ,1 switch 5. elaz^in, -qu-=- "-^-^ down««a« c£ th. 
1 ^1. vri^le gene VH49.3 and 

J, The PVP is isoutod by partial dig«tion «xth sail 

. -t-,, YhoT followed by purification of 
and complete digestion with Xhol, foliowea ^ ^ 
5 the 15 kb fragment on an agarose gel. The insert is then 
don d into tr^ Xhol site of p.e2 to generate the plasmid 
Clone PV.E1 (Fig. 27). pVGEl contains two human heavy chain 
clone pvu«.J. I s constant gene 

variable ,an. segment. ''P'"^""'^^^''^^,, ^i^. the 
and associated switch region. X unique sail si 
10 variable and constant regions can b. used to clone in D, J. 
Z\ gen. seg.ents. The rat heavy chain 3- enhancer is 
Ti^^ to the 3. end of the ,1 gene and the entire insert is 
flanked by NotI sites. 

" ^ The plasmid clone pVOEl is digested vith Sail and 
the Xhol insert ot pl=«l is cloned into it. The "-"'"^ 
Clone, PHC <Pig. 25,, contain. 4 functional hu»an variable 
region at least a hu^n D segments « ^ 

20 sILents, the h«.an enhancer, the human .l«i«.t, th. 

" »it=h region, all o. the hu.an « coding ^ 

human element, and ^ .^'-^ J^J^^^^Zl c^Sd 

the associated switch region and sterile transcrip 

„„„., together with 4 kb flanWn, sequence, upstream of the 

„ Tterile transcript Initiation site. These "^^^"^^"^ 
to th. rat heavy chain 3- enhancer, such that all of 
resequence elements can be isolated on a single fragment, 
away from vector sequences, by dig«tlon with HotI and 
,icroinj.««l into mouse embryo pronuclei to g«.erate 

30 tr.n.,»l= -i-is. A unique XhoX site at the 5- end of t^ 
insert can be used to clone in additional human variable 
segments to further expand the recomhlnational div«:=ity of 
this heavy chain minilocus. 

35 E. TT-ansaeT ^ic mice 

tLb HotI inserts of plasBids pIGMl and pHCl were _ 
isolated from vector secjuences by agarose gel electrophoresis. 
The purified inserts were microinjected into the pronuclei of 
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Hcan « >1. (B. " cold spriB, Harbor 

Manipulating t.e „o„se ^^o.^^ ^^^^^^^^ 

5 Laboratory, Sew lorR) . „^„enca of transgene sequences 

e^ryos were analysed for ^^^^^^^ „^ 
ty southern blot analysis =" „ standards 

„. estimated by "^ts roloned « 3 " » =^ 

oontainin, '^'^^'^'^^ ,„i„als and assayed tor t« 

" ^rofTra^^erencoded hu.an I,M and I,.! by ELXSX as 

presence of transgen Harlow and D. Lane, 

aoscribed by Harlow and Lan. (E. ^ ^ 

^Ibodies: . "-"":::: ;, "l«e wells were coated 
Laboratory, Hew York) . """"""^^^ . j„ huBan I9« 
witb .ouse monoclonal ant b^di. s^ . 

„6, /0285, ABAC, Inc. «e'«="°^' " ' ,„pl.s w«. 

#02ao, «*C, xnc WestbrooK^ ^'p^s^ce of specific 
sarlally diluted into the "'J" ""! .U„li„e 
^nClobulin. Uvvalent, tbat 

20 phosphatase ■=°""'«''"V°" " „ cros.-r«.ctivity with 

had.b.«. pre-dsorbed to mini.1" cro ^^^^^ ^ 

i^aunoglobulins. Table 3 and Fig. 28 e^o 

^XSA assay for the ^"'^ t ^^^rXo's injected with 
..ru. of two aniMls that devel p ^ ^^^^ 

« the transgene insert of plasmid f 

transgenic .ice tested ■>';^^' -/J^^,^,. „ntainin, the 
and lg«i by this assay. Mice rro« 

pXCMX HotX insert (lines « ^j;^,^ a.. pHCl 

human igGl. We tested mice £rom 

57 and 

,0 l^ert and found that . of . ,ioe fro. 

X«, express both hu-an XgH „ = •.^,„ ,.«.^xe 

«c Of the li"" ,HC1 transgenic ^c. 

JltttevHTprdirectly fro. .icroinlected embryos and 
35 alce that develop p„.ence of the transgen.. 

rrorLTer copies Of the transgen. per cell. ^ 
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T^M in the serum of pIGMl transgenics, and 
detection of human IgM xn the ^^^^ ^^^ides evidence that 

analysis, and shoved no detectable levels of hmaan IgM or 
laGl The second animal (#38) contained approximately 5 
IgGl. The sec ^s-aved by Southern blotting, and 

copies of the transgene, as assayed by ^ 
showed detectable lev. s of both human IgM and IgGl. The 
10 reirits Of .LIS. assays for 11 animals that develope from 
transgene injected embryos is summarized in the table 
(Table 3) . 

" Oa«=ti=n o£ hu»n I,H and I,<=X in the serum of transgenic 
animals by ELISA assay 

approximate 

20 injected ^^J^^f^^l^i^^^^^j^ h^^T^ IgGl 

animal f ^ransaene r '^ P'if"^ per ceJrJ. i_Jiaii 

+ + 



25 



30 



s 


pIGMl 


1 


7 


pIGMl . 


0 


9 


pIGMl 


0 


10 


pIGMl 


0 


12 


pIGMl 


0 


15 


pIGMl 


10 


18 


pHCl 


0 


19 


pHCl 


1 


21 


pHCl 


<1 


26 


pHCl 


2 


38 


pHCl 


5 



++ 



f° , ++ • + 

++ + 
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.l.tion between the presence of 
labU 3 shovs . transgene encoded 

inte^ated transgene D»» and the^p 

l„™o,lobuUns in ^'^"l'^^^,,, aid not «cprese detectable 
5 found to contain the PH=1 ,oth low copy 

levels of honan 1-""""'°""""^^;,^ „Bplete copies of the 
animals and .ay not ,enetic .osaics 

transgenes, or the -"--^^^ J/^^,, ,3,,^«d for animal #ai) , 
(indicated by the <i „ot have populated th. 

, and th. transgene "-"^^^^^ the tr«.s,enes .ay have 

hematopoietic lineage, „^ „ot conducive to 

integrated into ""^;;"„%, ,^an IgM in the serum of 

their ewreaal"- """^^l and IgSl in PHC^ transgenics. 

plCMl transgenics, and hu^n ^^^^J correctly in 
„ indicates that ^r^'^^ZsXtio.. and isotype switching, 
directing VOJ joining, transcrip 

sum glgnsa Honality of the pHCl transgene in 

TO assess the £'"'*""»'f ^^^^ participation of 
„ TOJ joining and class ^^'^^^^ in B-cell 

«,e transgene •""^•;^^"^^,:3i„„, the structure of 
development and allelic «"= transgenic -mouse 

i,^lobulin oD»A Clones deri ^^^^^^^^ 

spleen . " £„cusing on D and J segment 

t^,.n. encoded heavy .utributlon, and th. 

usage, H region f"ii"t.tional mPSA molecules «as 

trrirroi, - - 

^05 and VS251 were ^^„,,ted from an eleven veek 

Polyad«.ylated J.A wa ^^^^^^ 

old male second ^.neration line P ^^^j, 
■ ^is ^ was used to ^Vn^he'l" oil, ^^^^ 

atranded cDHA. The ,aing the following 

I„ four individual ^« ""f ^^"^'^ ,^„.. vH251 specific 
33 four synthetic oli^^-^-^^t ^/a gtc tgt gcc gag gtg ct, 
„ligo-i49, Ota get T^^rilo gtfgot eg. gt, aaa ggt gtc 
(g,.,t,c); VH105 ° f numan gammal specific 

cag tgt gag gtg cag <''';^'^; egt cac egg ttc, and 
ollgo-151. gge 9« cga gtt oca eg 
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. ,„ ert get <=9« ''^'^ °" 
human «u spe=ili<= ola.go-15 , ^.^5^ „ 

c,= t=g. taction X f^'";^^,,,,^^ , „„d o-»9 and o- 

,,plUy VH2Sl-ga».al "^"^ ^ „,«ion 3 UB^ c-.=0 and 

,52 to a.pll« ™251-mu „d reaction 4 used 

to amplify VH"=-J-^ Jans=ript=. The 

o-lSO and 0-152 to --Pl^^^ from an agarose 

resulting 0.5 «. P"'^"=" abundant than the y 

,el; the . transcript products „„,3pondin, EXISA 

tr«.script products. ,i,ested with Xhol and 

data ,Fig. 34,. The ^^^f '^^...le-stranded plasmid 
cloned into the plasmid P«H03 ^^^^ 

isolated from minlpreps ot ni ^^^^ „„. 

.„ur »-^"^=f 1^::^d out to deletions 

performed. Two of the clone ^ ^^^^^ not have been 

.entailing no l^^^^^^, p,„.ucts and are lixely to 
aerlved from normal ^ 'I introduced during POR 
,av. originated fro. delet.o« ^ ^ . 

amplification. ""^ °' ™* ^ ;„4 three additional clones 

mi^ Of two i-^^^-^n^a^e (presumably because ^. 
did not produce readable «^ ..fences of the 

^ samples were not =1-" '"°^f compiled in Table 

VO, joints from the rema 30 =1 ^^^^^ ^ 

Each Of the single clone of 

Single pathway ,^^t. The fact that no 

„ transgene «P-==""'^/ts also an indication of the lar,. 
0„ sequences are alUce is expressed from a 

diversity Of immunclobulins that can ^ 
e^ct minllocus 7"^^'J";^:^„tr .U sU of the . 
„d S J segments. ^"'^ °' ' ^Tthat are Included In the 

3, eegments. and ^c^ ^th constant 

transgene are used in vu j , „orated into 

region genes (mu and ^^"^^l^^,,^ „,t to b. specific 
transcripts. '^^ ^"^^ '"^f Therefore many of the 

for VH105 in the "'^^-'/f "^^..^Sl transcripts. 
3, Clones from r^'^^""' ToT Ugated reaction 3 P=R 

waltlonally, =1="-- ^'"'"'fj^ „ther than ^wever this 
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^ OK. isoUtea on - - ^^^^ T^Z^o^s were 

sr.: r. — .7oo. .^..^^^ <-> . 

aaplifiea iron ioints determined, was 

and the DNA sequence of the VDJ lo^n ^,,,s-^oi 

.ecentlv reported -^^jVe^i V^nce) . We 
f^99l^. which is incorporated herein oy 

(1991), wnicii ^jjg pHci 

compared the data from human PBL with our 

transgenic mouse- 
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. • ... „«ri tranaaene encoded transcripts to J 
incorporated into P"" i^„„o,lo.uUn transcripts, 

se^ents found in dominant 
5 The distribution profiles are very 

segment in both systems, followed by «. 

:Xon se^ent in human PBI. and the transgenic animal. 

J. segment Choice 
10 Percent Usage (± 3%) 



■T c;<»erment 



7 1 

• Ji L <i 

J4 15 

J5 26 



J6 



20 100% 

p gp-cnme T*' ehoice 



100% 



XiTrs,, of the Clones analysed by Vamad. et 

"Tntt Issf^e^ S 1 -thor. to «.y of the «,o«n 0 
To^ent^ tie., li una.si,n.d clon.. appear to be 

segments, semnents which is 

'° rci^drth" r^stir r. wh^h ^ 

^:di:::d by ichlhara et aX. ^^-J-^^;^,-^ , Z not 
Lserved by san. ^^^-^^^"JZ^-^O^ ,1»1,.. 

35 Table 5 1. = P . for human PBL 

pHCl transgenic -us. ^ „s 

transcripts by Vamad. '^1;^ * „ ,^.„ts that 
r«»»plled to include DIM use, ana the 
„e not in the pHCi transgene. Tab . * ^ ^. 

40 distribution Of D .e,m«,t -corporation „ 

n— dissimilarity b.tw.» 
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of DHQ52 in the 

^ »o distributions is t.. ^^'^J"^^'^!^ .^e high «e^en=y 
ttansgenic «ouse as ^^'f distribution in th. 

of DHQ52 is reninisoent ^^^^ o£ the heavy 

tet.1 liver. Sa"- ^.^enoes. If ■> "^Bents 

, Chain transcripts fne analysis, 31* 

„„t found in PHCI are excluded £ ^^^^ ^^^^^^ ,,,, , 

""^ TTot: r'tl^ " Observe in the pHCl trans,en.c 

comparable to the 

mouse. 

LO ^ segment Choice 

lasm^ percent asage (^^^^^ 

gci_traiisaeiii£ 

]) I gomnent 

<1 6 
• DliRl 3 19 



^ DXPl 25 12 

DXP'l <1 12 

DAI 7 22 

DKl 12 4 

DNl 7 2 

DIR2 <1 4 

DM2 3 2 
DLR2 

DHQ52 _ 

25 ^ , 100% 

100% 



20 



30 I- 



35 



Table 7 shows the predi= Iron the 

^ VO. regions fro. " =;;:"^^Jf^„ces indicate that 23 =^ 

PHCl transgenic^ "T.^^ZT^J^^^^ " ^' 

the 30 VDJ joints (77«) 
variable and J segments. 
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Funcrionality of v-D-J Joints 



FR3 CDR3 



FR4 
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YH251 CHQS2 J2 iri 
VH25: KIl ^» 
VH251 2? JS ?l 
VH2£I SKP'l -To 
VH251 Wl 
VRZSI C7 J3 7i 
VB2S1 DaQS2 J3 u 
VlttSI =H052 J6 li 
YH251 - ^ ^ 
•;H251 km « »* 
VC51 09*1 J4 » 
VB2SI 0? Jl u 
VB251 OaQS2 Jfi » 
VBZSX Wl J€ » 
VB251 t«'l 

vnos cn<i <n li . 

VB25X Wl J4 Tl 
' VBZ5I 00052 J4 Yi 
VC51 CQ *7i 7l 
VRZSI OaQS2 J4 » 
VBSl OKI J2 7t 

VI251 ona J< 7i 

VBSl cm J4 H 
VI105 07 JS » 
VAOS CDOri J4 » 

VSZ51 om J3 » 

vnOS 08052 J3 » 
VB31 OIL J« 1^ 

VI109 on J« 

VCSl 0n52 J4 % 



ram 

rCJUl 

rcM 

IfOUl 

tout 

rm 
rcM 

YOA 
tOA 
YOR 
TOtiH 

Ycyit 

Tout 
TCKR 

ic» 



ijHUygUffUt UUUUnVTVSSXSTK 
MIlOTTTrTWTSSainFMFSPQPPf 



mmgs rmvrDY 

AJCMX 

HVMisray 
cxTHviQnpnnr 

OtfQB 

QXSSTTTTQCIV 



'*«OCrLVTVSSXSTK 
UGQCXMmSSAStX 



WBQCTTVTVSSCSM 
UCQSXSVTVSSCSSIU5 
UQQSXLVTVSSCSAS 



em! 



HnesssxDXXTTocv icoQxrmssGSM 



niEXGRKBUBnBtsrosm 



GxscxDHmcm 



ICOCrSVtVSSAStK 
HS0SILVTVSS6SAS 



ASLTsnnmcv woBtrmsaxsnc 
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10 



CDElO^BStlL-^i^^^ t^e CDR3 peptides 

.able 8 compared the ^ J ^hcI 

..o. transcripts l^^^;--'^^:^^^^ p^.. Again the .u.an PBL 
transgenic mouse to those in „,th 
data comes fro» Yamada et al- ^^^^^^ ^^^^^^^ 

t.e transgenic profile ^^^^^l^^J J.^ average length of 

peptides than observed frou ^ ^^^^ is 

CDR3 in the transgenic mouse ^_ ^^^^^^^^ 

substantially the same as t^e i^:lT2D- 

authentic human CDR3 peptides by 

1729 (1991))- 



CDR3 Length Distribution 



15 



20 



25 



Tin ^-y'-n'^genic m-* 



3-8 

9-12 

13-18 

19-23 

>23 





100% 



100% 



30 



35 



40 



-n1-H"l """nTITlU'fl HI cloned 

into the pWSe vector ' , ^ pecI/HindlH 

^c, P.10 -^1"' "*.'T.trarheeiy chain .-M intronic 
«a^ent =. ^'^'^^^ hybridization with a 
^eer.. "pacific oli,cn«cieotides: 

mlrture o£ the £ollo»ing V„ specill 

„.t=a.^,aa,^ttoct,caag,catct„ataca== 

ttc acc-3' 

.tn tec tot gca gcc tct gga ttc acc 
sr-tcc ctg aga etc tec tg"- y 

ttc ar 



oligo-7 



oligo-8 
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cones n...i.i.e. ^ ^^^^^^^^^ 

are isolated and the DNA sequence of the rearrang 
segment determined. 

5 B. rmiqtmntaoTi or r TIZtional VJ segments (open 

.eadin, fra„e .nd l^,, .id derived Xhol site 

pi,s.id vector pSP72 such -^'^^^ f subclone 
is adjacent to the 5- e.d of «ith J<hoI and 

.0 containing a functional VOJ segn 

site near tJie 

pad (Pad, a "-"-"jHisr^^^ into XhoX/PacI 

digested pHC2 to gener i^^ronic enhancer, the m 

functional VDJ segment, the ^ ^ ^" ^^^^^^ the 7I 

.5 switch element, the M constant ^^^-"^ "^^^^^^ ,,,,,i,,ed 

constant ^^^^^ d 

sequences, the 7I ^^^^ and microinjected 

transgene construct is ^^^^^^^^ ^^^^^te transgenic 

into the pronuclei of mouse embryos to gen 
20 animals as described above. 

hUWr Trf<nsqepes 

A. j.mj_nMi I ■ -If r—- '-^ 

" - """^^jrirvfro: p^U i. di,.st.d »ith KotX and th. 
following oligonucleotides llgatad in: 

cligo-n s.-ggc cgc ate cc, ggt etc gag gtc gac aag ctt tc, 
30 agg ate cgc-3' 

cligo-« ^ ^ 

ccg gga tgc-3' 

„ «,e resulting Plas.id, P=M=. ''-^f^:.^:^^"^^^ 
«,oI, SaU, Hindlll. and Ba-fil restriction 

NotI sites. 
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2. Plasmid vector pGPld r.„ested with NotI and the 

Plasmid vector pGPla is digested witn 



in: 



following oligonucleotides ligated 

^^4- caa tag ate etc gag 
ligo-87 5.-ggc cgc tgt cga caa get tat cga gg 

I 

tec ate gat aag ctt gte gac 



5 o 

tge -3' 



oligo-88 5'-ggc cgc act cga gga 
age -3 ' 

10 . , r,= a nolvlinker with Sail, 



NotI sites- 



15 B 



20 



25 



30 



35 



\ vrMBL3/sP6/T7 (Cloneteeh Laboratories, Inc., 
-eTeAu^ ..e .app> =.»in . 

r.gi<.n specific oUgonucleotide: 

taa gca-3* 

„a,Bent that includes the ^'Y^fpH^ « Uerate tn. 

— =i:r: 'tri:ri" -c/f^^t t^at 
r:r.;:s ^ = r:.-3:^'.r into 

»-«™«nt was isolated from phage clone 136.5 ana 
^L.a» Of J<i and ending 9 W= dcvmstrean of c«. 

<=• ftTH''T"''-':i'1 VT '"'"''^^" '''"^ J^'^*!^ r^alranqad variable 
1. pdtl, a c. vector for expressing rearrang 

""^^ The 13 .cb a>0l insert of plas-id clone P36.5 
containing the C. gene, together with , o. downstrea. 
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. ^ ..V c=.iT site of plasiaid vector 

pGPlc With the 5 ena ^^^^^^ 

The resulting clone, pCKl can 
Xhol site. VJ. segments into the unique 

fragments containing rearranged y ^^^^ 

S 5. Xhol site. The transgene can then - 

Burif ied from vector sequences by gel electrop 

purif lea rro ^„^_tj.uct will contain the human J-Cic 

resulting transgene construct wii enhancer. 

• »«har.cer and may contain the human j 
intronic enhancer an" ""jr 

,0 2. a =. vector with heavy chain .nhancara for 

^pressing rearranged variable „^ 

, 0.9 Xbal .regnant =^ -^^^ 
containing the nous, heavy ^ i„« 

,„^i et al., £^ " Ti. pWd «ae 

15 PDCIS to generate the plasmid ^"■'■ J J^^ 

linearized with SphI and the ends filled xn w ^^^^^ 
„,^e. The Klenow treated DKA ^Sne U.3 

„d a 1.. «l»I/»lndIII fragment 

(previous «ca.ple,, ""^"'^^^'i^ ^:^»-3« ,1SB*,.. 
„ intronic ehhancer (Heyday et al.^^^a=S 

to it. The raeultlng plaSBid, P™"^' together 
.„d hUB«. heavy chain J-^ intronic 

into POOIS such that U>ey are ^f^^^^^^ ,„,.t.d and 

3.1X ana the 13^ Xh^ ^ri'^ ^ - - 

reciting plaanid, pCK2, I. " " «a>ancers are fused 

.ouse and hunan heavy chain J""^" ^„,eion 
to the 3- «.d of the transgene " ^ ^ ^ ,.„„t.d 

,0 of the final transgene, analogous f^^, ^ „ 

■with different enhancers, i.e. the a.ous. or r^ 3 kapp 

>,.(„ .nhancer (Meyer and Mauberger, aSS^- ■ 
heavy chain enhancer (nay „.ture, 314:165-168 

8-1959-1964 (1989),- Petterscn et al., HaJaUS, Ja- 



(1990)) 

35 
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, ..„...=n o. -'"^'^ 

= xnc, Palo Xlto, a) we" ""^^ ,„^.„c of p3.. = . 

Chain J region '^^^ ^ybrldi.ation with th. 

positive Clones were tested 
lllcwin, V, specific Oligonucleotide. 

^ r.r.n tct ggg aca gac ttc act 
^-vr. Aot age agt ggg 

etc acc ate agc-3 

d J probes are isolated 
Clone, that hyhridized with hothj^- ^^^^ eet.r»in.a. 

and the DNA sequence of rne 

■ T-earranged human 

" veneration o, transgenic -ice containing rearr 

Ught chain =°°=""='=- ,i„,„, junctional VJ segments (op«. 
Kagments containing £u the 

reading fra^."^ t^Z^^. and pCK. to generate 
JO m.iqua Xhol °' Lansgenes. The transgene 

rearranged teppa light chain tt 5 .„^^ by digestion 
cc^t^cts are isolate^ filserTis .icroin^ected into 

.IthHotl. »9aroee gel purl" 

„ouse .Mbryo pronuclei " '"t^^^^* with heavy Cham 

„ «i.al. — ;n„^7;„:S ttl. to ,«..rate ^oe 

minilocus containing transgei 

«p.essing miy ^r^:;i„tions be capahl. o. 

Because not aix „„Teves with a broad 

.or^h, -hie heavy-light -^^^^^^ 



30 



35 



.orbing stahle -^^^i'" tain r"c-bin.tions, several 
.pectru. of different heavy ^ ,en«:ated, each 

/iff^ent light Chain -^'^^^^^J^^^ «e„sge„i= »i« 
using a different "'-"'fj^/ ;„d with heavy chain 
ttat result from these p„ipheral blood, 

^Uocus transgene •>=P-^^'""^'";„ i,,uted froB double 
spleen, and lynph node ^V-P^^"^ ^ „i„.ls, 
transgenic (both heavy ^^i^ fcr humw- and 
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, ^ hv flow cytometry using 'a FACScan 
Diego, CA, and analyzed by flow cy ^,,^,„ged light 

^alyzer (Becton OicK.nson ^^'IZ.. in t.e highest level 
chain transgenes constructs that res 

.u.an -vy/-;- T a«ect the 

highest number of B ^^^^^'Jl ,,,, cytometric 

^..e ceU ccmpa-^^^^^^^^^ -elific antibodies) , are 

Tetr: rrfenLtion of human monoclonal antibod.es. 



10 D. 




a =. =o.«inin, vector for ccnstructin, 
^nbcu. insert of P«.S is 

-si;rr;."r:: ^t;=ert^. ^^^-^^^ 

ri«T site The resulting plasmid, p36.5 i 
derived Clal sate, me containing 7.4 

..,e3tea Wit. c^x - - 

20 1* ffliol insert of P"-^ " selected in 

t.e C13I, «--«":'ts i n^e sJ orientation as U.. P3..S 
.W=h the P"-^-'^ " " f,. 3„, contain, the entire 
insert. This f ^ of upstream 

human J« region and Cjc, togei^n insert also 

»nd 9 kb of downstream sequences. The inse 

25 sequences and 9 Icb at ^^^^^ ^ 

contains the human ^ ""^^^l^^ ,,an3ced by a unique 3' 

^TsI^eVo^re -p- 1. Cloning additional 3- flanking 
sail site lor tne y f chain enhancers. A 

e-^ence, sucU ".^-^^^^tn the insert for 

,0 ^i^s X.0X =f ;t"j:ran,.. V. ,ene se^ents. The 

the purpose of cloning in u flanked by NotI sites 

-a v*,«T eites are in turn tianKeu 
^irarn^rtoTs^xtru.. c^pxetea trans,ene construct 
away from vector sequences. 



35 
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er.^s and generation 

, isolation of unrMrrang^d v« I'^^ 'Z' lt.J.^t chain protein 
. t«n.,enic ani.ais e^r-n^^^^^^^^^ ,.is=«se. 

V« specf- ,e„o.i= mK library 

eloned into tha P--^: ""fj^ , / variable ,ene se^enta 



10 



15 



^^ratoriea, Inc. ^'^J^' sZ'^^^^' 
jro. tha resulting criteria for lud,in9 

appear functional are „3^es, intact =plice 

^"ctionality include: ^combination 
acceptor and doner ,,ie=t.d variable ,en. 

,.^en=e. OK. fra,»enta ^nta^"^^ ^^^^ 
segments are cloned into the ^^q" „e 
to generate minilocus =-""f .^„,,ted and Injected into 
,i,Lted with NotI and the n-rt= . ^^^^^^ ^ 

.»„se embryo ^''-''^^"'^""l^^^c V to . Joining in 
transgenes of these 'l'^'^^'^^^^,^, human Kappa chain are 
developing „':^, :rc=ntaini... transgenic 

««J with heavy chain »^^^°= ^ antibodies, 
to generate mice e:=pressing fully 



20 EXAMPLE 5-5 



25 



30 



35 



— ^TT^le describes ^^^^ ^ then 

genomic .eaw Cain ^^^^^^^^^^^ into 

Introduced into f^.^s. 

zygotes or integrati- f f^;^^^^^ ^^^^^ placental 

Nuclei are w F. , et al. (1985), 

tissue as described by Marzluff , B.D. 

Kanssi^EiisiL-^^^ oxford). 

Ha^es and S.^. Higg-, ed • PP ^^^^ .^^.tocytes) a-'^ 
• The isolated nuclei (or PBS w ^^^^^^ 
e^edded in 0.5% low Belting poxn^ ^ „,,,ei, or 

with 1 Bg/»I ^^^^^^TA ^n 5 O^EDTA, 1% SDS, 10^ DTT for 
with iBg/'^ P-^""^:%V" Tours. The proteinase K xs 
spermatocytes at SO-C for p„sF in TE for 

inactivated by incubatxng ^^^^^^^^^ ^^ensively with TE. The 
30 minutes at 50-0 and ^^^""^J restriction 
DHi. is then digested in the agaro 
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. supp. "BS. """;„^,':;;,.n fractionated by puXsed 

5 ,iald gel " ' ..action, enriched for the 

'^^^ "aU " outhern .yhridizatlon to detect 

BotI irag-ent are assayed y £rag».nt. such 

one or .ore of the '"^-"'/^^ „ seU-- ^ 
sequence. Include the ^-J^ .^ntatives of all e V, 

10 Tl const«.t regions together wi«. r P ^^^^^ 

n.ilies <^^«°r feUsTse^an «t al. . supra. . we 

«.g..nt fro. HeLa ^' ^ „o. human placental 

have found It to be an "° ^ '^„„,,i„i„, this »otI 
and sper. DHA) . olonin, site of the vector 

15 fragment ar. ligated into the »o ^,,5.71 

.yxom as '^fsTrararea'^vW^n - P"-" 

■ oligonucleotide 5' - 7.°!\f/,..vy chain HotI frag^nt 

clone. 7i. , jj,s._U.U.^ 

are isolated a. "•"^^ ^ ,io„ed KotI insert I. 

v.a.t OKA by pulse field 
isolated fro. bi,n,olecu « »^g«^ ^^^^^ 

gel eleotrophor..!. a. i„e and 

„ OKA i. condensed by •^"^f^^^i^rof single cell embryos 
microlnlected directly mto the nucle ^ 

previously described. »»"^'^''^^\^o,,=ed Into ES cell. 

by lipofectlon (Gnlrke et al. , B!^ 3pheroplast faelon. 
,0 or the KAC i. introduced Into ES cells 



EXAMPLE 16 



35 



pi I nTitin"""^ r,enomic_lieavY rTTwuBan genomic DNA, 

fragment of ^-a^^ ^^^^^^^^ 

containing V,6, D segments, ^ -^-^Z; ^^^^ .y .xc 

and part of tne . constant ^^'^^' ^^Z^le 1. A .AC carrying 

::rirrrir.e region, S.C. as a .0 . 
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r.^ the 6 -830 kb NotI fragment 
NotI fragment upstream of ^^^^^^ 
described above containing '"-^^--^ ^ ^ detected 
.seated as -cribed (Ber.an ^^J^ ^^^^^^^^ ^ 

" Te ^oTaSlnts are coin,e=ted into the nucleus 
segments.) ^ ,3 a.3cribed in Example 1. 

of a mouse single cell emc y different DNA 

Typically, coxn.ectxon Of two 
fragments result in the integration of both 
ramfinsertion site within that 
, approximately 50* of the ..^gments will . 

contain at least one copy °^ °^ the constant 

.ave the V segment fragment xnse ^^^^^^^ ^^^^^ 

region containing fragment Of ^^^^^ 
carry out V to DJ joining by '^'^^^^^.^^ 570 kb NotI 

deletion, depending on the ,^ Spel fragment. 

— relative » --^^ /J,^,. ..^aXe 
DBA 1. isolated resul transgene. by south«n. 

^1. to^ to -"^^^^^ ^,3. „i,ai. containing 
blot hybridization <,„stant region 

genes) ere tested tor their -^"^ *° f ^^^..^ 
L«noglobulin nolecules in aooordenoe wi 



5 



20 



technicTies 

EXAMPLE 17 



-rTT-n""*' iTi mn'-qpnir P ^ inmunize (see 

Harlow and Lane, lr, ^^\^'^ ^^f . " ^^ r-^TSuowf^ S""^" 
30 Harbor. Hev Vor. ,1SS,,, rtToufbeving obain loc„. -r 

■ ^^rii nTfT ^ efxo, . hLizygous for a single oopy 

a deletion of Jh ^m.*^^ .^ii^nus transgene 

rearranged no»en heavy chaxn . 

■ following the schedule o. f^^"" 

U removed, and epleen cells used to generate hybrido 
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10 



15 



, 1 hvbridOToa clone that secretes 

cells fro™ an indivxdual ^^^"^"^ ,^,,,,3, are used to 

antibodies reactive with ^^^^"^/^^^ ^^^^^.^ DNA is digested 
prepare genomic DNA. J" J^^^ ^^^^^s that recognize 

with several different fractionated on an agarose 

unique six base pair sequences, identify two DMA 

,el. southern blot ^V^^^^^^^^^^J^Htich contains the 
fragments in the 2-10 Kb range one of ^^^^^ ^^^^^^^^ 

single copy of the rearranged rearranged 
and one of which contains the single -PV ^^^^^^^ ^^^^ 

huBan light Chain V. .^^ectly into pUClS. 

fractionated on agarose gel ^^^^^^ ,,3pectively into heavy 
The cloned inserts are then ^^^^^^ constant 

and light chain expression cassettes 

region sequences. (Example 12) is used as a 

The plasmxd ^^^^^^^ rearranged VDJ sequences 

heavy chain expression casser ^^^^^ ^^^^ ^^^^ 

,re cloned into the ^^\^^^^^J^^\,, rearranged 

as a light chain . 3ite. The resulting clones 

herein by reference).^ ^^^^ ^^^^ 

Alternatively, mHKA 1 ^^^^ synthesize cDNA. 
5 hybridoiaa cells described ^ vJ sequence 

The e^cpressed -a^^^^^^^^ - . ^ 

„. then anplitl«a by PCR an „ucl.otid. .»,a.n=. 

Of these Clones has been „a synthetic 

,0 synthesis., that -^/^'r,^, ^ ^^ueen et al. . 

«p.ession vectors generated » 

^..^ ^..^L t-n-', P"- 

I mmnUn1-1"n gf TT ^ n r n ae».nstrates that 

• transgenic aninals can be '-^"^^^^^^^^^ ^ respond 

antigens such as those on hi»an red 
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. that are si.il- - the response kinetics 
with kinetics that are 

observed in normal mxce. suitable immunogens and 

Blood cells ^--^^^^^ on the surface o. 

comprise many different types 
5 red and white blood cells. 

^.....nmU^iiSI^^ ,,,, , single donor were 

iubes of human blood fro ^^^.^^ 

collected and used to i-unize -^^^^^^^l^^,^ ,,ei 
,0 ^^onally CHCD; -se 

harboring a human heavy chain bi g ^^^^^^ 
Le are designated as -xne 112. Bl ^^^^^3 ^^^^^^^^ 0., 

Tesuspended in 50 mis Hanks • an^^-^^^^^^^ . 

1 n<j^ were then in^ecxieu .0.4 „„ orotocol 

mis f2Xl0' cells) were immunization prot 

: ,Ue needl. and 1 =c svr.n,e. Th» ^ 

«era monitored W "^^^ "f/J^, .pe=«i= -tU=ody. * 
couecin, ser»» and I'^'^^f ^ on tha very 

„e-i»i>u»s bleed was also ,^ls were 

Ts. ^unizatlon, tnrea -V^ - ^ f,, , i^unUa^on 

verified for ser» J° „^„„,u.iy ««ou,h " 

^ , X 10^ cells was given in«r 
:LL,c. Produotlon of hy«ido.a.. 
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Tatn «ini-,e„. transgenic on heavy chain xnoC-out 

background. 

5 SiD Sr Pt ion or HTtriaci !^ generated by fusing Bousa spl«n 
Hybridomas »ere generacea »y ,..v,i. si 

• ^.iv 16 week-old transgenic mice (Table 9) 
cells of approximately 16 veeR o 

that bad been immunized as "'"^^i^^^i^ive myeloma 

p^rtner consisting ^ L :e:e cultivated and 

10 cell line, X63 »9».'»-^Hy^-J^^ i^unoglobuUns having 

::^r bri:~ro:Vood ceu anti,«. ...» 

identified, for example, by flow cyto«.etry. 

15 F19W r,Ytoinet;rY ,„„^r,atants were tested using 

serum "^^^^^^'^Z^^^T^^ ^nor were w.sh»5 « ' 
flow cytometry. Red blood cells from 

in B«*.' balanced salt ^"^"""^^ „itb 

in 1.1 ml Polypropyl«» ^^^^ J^^s for 30 minutes on 
„ «.tU.r. or medl. without ph«,ol r«i 

ice in staining media J ^„ o.l% K. 

or biotln (irvin. Z*""^.,. ,1„. with other 

.»ide), control, consisted of J^""" ,j^,tio„ at 4-0 in 
rolls were then washed riy cem^iJ-^y 
„ irr^eorB or -10 minutes at 1000 rpm. ells w^e 
" 'Z:^\Z times and then -ibody detected on - -J; 
• \ a fluorescent developing reagent, two mo 

surface witu a lAuote PTTC-labeled mouse 

ri::LT::rc:.rant^~ 

30 and the other was a ^-^-^^-^ "^ ^^'-^Z " these 
. cnein <---f*-::-U:rts Lre' blood .red blood cell. 
r:UeToo:trs,"and White ^ 

" :r ofran:::r:!crrutr^^^^ 

. T^elther red blood cells from the donor, or whit. 
Tire^ti-human IgH riTC labeled antibody and analyzed in 
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10 



X. serum from mice that are 

..o. cy.o.eter. Results ^-^^fJ^^^Z (.ice .343 an. 23.S) 
..ans.enic for ... " J^^ai, ^tter^ate animals 

^^^%^^^3:r^: : not. .onaal .ouse seru. (NS) and 

(2344, 2345, 2346, ^347) ^^^^ ^^^^^.^^ controls, 

phosphate buffer salxne (PBS) ^^^^ ^^^^ ^^^^^ 

Hed blood cells vera ungated and whxte ^ ^ 

to include only lY-P^-^^-' ^^..^^etry was performed on 
axis to provide a reference. Flow y ^^^^^^ ^^^^^^ 

100 supematants from fusion 2348. Four P . 

^^^,r•itv for blood cell antigens, 
positive reactivity lor uj. 



He 



EXAMPLE 18 
^j^i^r. nf Fnfim>'Tiotis Mouse. 



^-^nf^ ,^.33sion Of Antisense Xg Se^en^- 
1 construction of the cloning vector pGPlh 

^^HcPlb (referred to in a previous example) 
The li,,ted with the following 

is digested with Xhol and BamHI and iig 

oligonucleotides i 
20 ^ rrai- ctt otg aat teg -3' 

:;: - :^ n: r=::r. nr-/^ 

construction of pBCEl. (referred to 

. 0.8 kb Xbal/Bglll fragment of pVH251 

in. that includes the promoter leader 
30 in a previous example) , that inclu 

the P-^^-f;^ ..agment -t includes 

* 4.>,o y^uman arowth hormone gene (UGH, 
the coding exons of ^^^^^ ^^^^ .^^^ BglH/EcoRI 

seeburg, (1982) Em 1-239 249} 1 „taested with BamHI 

digested pGHlh. The resulting plasmid is digested 
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^ 0.9 fragment =t 

containing the »ouse heav, cha n J.^^ ^^^^^^^ 

1k18 to generate the plas-id P™""^^ ^^y. Wenov 

S:tLi.ea with sphX an. - e„a -U^ ^^^^^^^^ 

„,Y»e. The aenow seated ,l„„e XI. 3 

1.4 ^ «»^<"'"°'""'^"! ,L hJan heavy chain a-, 
(previous exa^le, . 307 = 33.-3.0, , 

intronlc enhancer (Hayday ' „„.i,„ o£ the n»ase 

„d h.»n neavy *a- - ^ „ , .,„,i. 

Into pOCXB such that they 

15 Ba«HI/Hindin _ ,„^„t of PMHEI i= j;"" 

The Baitfl/Hlndlll fragm expression 

3^,,Hin«» cut pvh,h to g^eret „„«i„. 
vector PBCEI. This ^t'^.^. i,to which antlsense DMX 

a>oI and «f'";^°;^.%:;„.sion of these antlsense 
„ fragments can « "l""*- ^' heavy chain pronoter- 

seguence. is driven ^ ""V^^^^ gene seguencss pro^e 
enhancer ccblnation ^J^^^^,^, „ mtron seguence. that 
pclyadenylation seguence. i^ ad ^uen.. 

"T^rge^^ "trfrom pBCi can he separated 

- "r=nr::rorig=ride.: 

" • „>t ace gag agt ca, tec ttc cca aat gtc -3 '. 

• ■ To cTc :n ad get gga at, ggc aca tgc a,. 

„e used as primers for the <P« 
.„ olLtant region segue^es^y P=^«- - "-"^Vlltr 
uein, mouse spleen cDKX as a into 
p„ product is ^'f ;f,,T.l«ate the antlsense transgene 
Asp7ie/xhoi digested pBCEi to g 
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construct pMAS.. T^e purified Not! ^^^^^ ^ J^^^^.. 
^..roin.ectea into t.e p.onuc e. . h - ^^^^ ^^^^^^^^^ 
alone or in combinatron wxth J ^^^^^^.^ 

constructs-to generate -ansge . -e^^^ ^ ^^^^^^^^ 
5 expresses an RNA transcript xn B ce ^^^3, 
T«w ™rna thus down-regulatxng the expres 
mouse IgM nHNA, i^us containing pMASl and a 

;r«.:::r: ---- - 

hoMi. h.avy Cham transg^e breaalnj of 

encoded Ig receptor minilocus alone. The 

tran.,.nic for t.e '^f^^^^ -in, cells i, du. in 

..tio ot h»^n to p^uxation. tor factors 

to !:,r;,I„/Jtiation an. expansion. 

^ a«i cells that promoter B cell 

development, mouse 19 re p I, 
reduced levels of on ="^'°°J„, ^^^^ develop«nt 

^cific antisense -^'^/^^ ^^.tre^^ss the human 
20 will not compete as veil as cells tn 



receptor. 



^ IgKappa «.ti.en.. transgene «>"=^^=^- 
The following two oligonuoleotides . 



5- cgc ggt acc get gat get go. oca act gta t» -3- 
5.. c^c Z gag eta aca etc att c=t gtt gaa get -3 

are used as primers for the amplification of 
30 Tnarant regL seguenoes . polv-^- - ^i^^ 

■ r: wi- « - ---^ 

4.«,^ nicASi The purified NotI insen; oi. v 
construct pKASi. f , • v,if dav mouse embryos— 
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, K thus d=w„.re^l.tin, the exprasslon =f »u.e 

IgK protein as describe 

EXAMPLE 19 

the succesrsful 
This exampl. ae»onstr.te= the 
• i«„i„tl=n an. ".pohse .n a trans, 

present invention. 



10 



15 



TfflaaDiaafei en coniugated with greater 

400 ^i-«=-^7\,r;„;r«» precipitated according 

jolla, calltornia) (KIH ONP) ^^,1 iM^nology, L. 

« . previou.iv f j:r; .re"S= - 

Hudson and F.C. Hay, "ackwel ^^^^ ^.^^^ .ion, 

„so,. Four >)-^"^;'^/;^ Lnonlu^ Bromide In 100 ML o 
„ith 100 ,^ ^l'""'"'" «s injected IntraperltoneaUy 

phosphate '»««-*;^" „„e collected .Ix day. later 



Into each mouse - 

retro-orbltel sinus ble«iing. 



„tlbody ■^"f;;^^,n«.L.o.orbent assay (^SW . 
^in, an Indirect -V^'-^fJ^, „ analyze antibody 
several target ^v,»" «re teste ^^^„in 
„ induction by the ,„,tivity against the 

(Calbioche., - Lbu.ln-D»^ for reactivity 

protein eo^onent, bovxn. seru. _ ^ 

„.ln.t the ^P*" '"^/"^tttiri-anogen. antibody 
for reactivity against the to^l i ^„„j„,ate. specific 

,0 binding to antlg«. reactivity to «.u» 

. .or !,« and xg« -^rttlter Plates were coet^ 

imunoglobuXm. ^^^i^^^' ^ of 5 fig/BL Protein in 

antigen arvin, --^^l^^,^ .,,..en ser.., O.S. 
PBS. serum samples dii ^ ^ ^^o,, 

temperature, followed^^ y Pc-horseradish 
horseradish peroxidase or ^^^^ 
peroxidase in the same diluent. After 
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=eossed by addition of ABTS 

----:r:rrr:rs,Tu::^^. a„a .... 30 

substrate (Signa, sr. 
minutes at 415-490 nm. 




10 



15 



20 



25 



TTSBsasm^-^^ the response of three mouse 

^-^^-^e 37 i^^-^^^"^! Mouse nu:ni.er 1296 

U..er.ates to i-^^^^f jUranged transgene and was 
^ied the human ^^^/L chain Knoc.out. Mouse number 
homozygous for mouse ig heav, ^^^^^^^^ background, while 

1299 carried the transgene on a „„^3, 
iousa 1301 inherited neit^er^^J^^ .as 

-°"irsrer;or^^^^^^^^^ — 

TcSras a non-i».unized control 

The results demonstrate th ^^^^^ 

.nonses were developed to the ^^..p,^ the TIM 

responses wei- w„man laM also devexop*^- 

conlugation « protein « ^ «r. presex* 

- t^s ti.e PO^^^ to the s,.e t«,et 

the same mxce, 

antigens were insignificant. 

' EXAMPLE 20 

e«».. ---r:riB::^:'::::=nse . 

^„.ion witn . ^-^"Ition, ane pro^- ^ta 

demonstrating that no transgene. 
variable region sequences o£ the 

™nic-.ioe used "^^^^X'^i^-ro.^Un 

hco^vg- .or ----"^/.rrotirn " a trans.»e at 
^eavs Cham looi produced "^^^ ^ u>e absence of 

rrnre::'ogrr.=.rea.chainprodu.ion. 



30 



35 
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^'^^ - "/f^;;^,^ constant r.,ion 

human ^ constant «9"n g , immunoglobulin 
5 gene. Transgenic n.ce shown to exp ^^^i.^tion with 

transgene products ^'^^^"tity of the transgenic 

a human antigen to ^^'^^'TJ^ITX^.. antigen 
„ice to »a^e an 1-°"' line ana three Ice of 
i^unization -"-^ ^ ^ with human antigen. 

an^gen ih=oluhUi.ea on alum wa= 

i:rron:?rum::rri;a::a in ---^ •• 

, ,A 21 and 28. Serum samples were 
15 adjuvant on Days 7, 14, 21, ana 

-....v,<t-si bleeding on each day prior to 
collected by retro-orbital ^leedi g ^^^^ 

injection of CEA. Equal volumes of ^^J^ ^^"^ J 

<Ti pach oroup for analysis, 
each or the three mice in each gr P i^oglobulln 
Titres ol human |i ohain-containing imm jj 
^..n oontainlng Immunoglobulin which bound to 
" '"^ irobuHed on li!rotitre wells were determined by 

human ca °^ human . chain- 

rnrain-i^r;^:-- — ;rdr:rc:^.x.. 

l^oglbulins are show^ n ^'-^'Jl^ ::^Z\or both 
For human y chain Ig, signiric 

evident first for line HCl-57 at Day ' ^//^^^^^^^^^^^ 
HCl-26 at Day 21. Titres for human 7 chain I? <^°"^^" 
30 Show an increase over time during ^^^^^l^^. followed 
experiment. The observed human M chain Ig ^«^P°" ' 
71 Plateau, combined with a later 

Response which continues to rise is ^^^--^^f/^^/J^;";, 
pattern seen with affinity maturation. Analysis of Day 21 
pattern se ^pactivitv to an unrelated antigen, 

,5 samples showed lade °^ J^^^^^^ '^^.^..^i^g that the antibody 
kevhole limpet hemocyanin (KLC) , maicai^i y 
riSonse was directed against CE. in a specific manner. 
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• H^nate that animals transgenic for 
These data indicate th ^^^p,^^ 

.u.an unrearranged ^^7^^:^ ,,,coprotein, CE.) . (2) 

to a human antigen .^^^ass switching) as 

can undergo isotype switching ( ^^^^^ ^^.^^^^ 

exemplified by the / ^^.^^ saturation in their 

..hibit characteristics of ^^^^ J^^^^ ,^,3, ^^ta indicate: 
tumoral immune --^^^^^ " J"^,',, ^,ve the ability to induce 
the human ig ^^^^^^"^^ "^^on in response to a defined 
Lterologous antibody P-^^^^^;,, transgene heavy chain 
antigen, (2) the "^^^^^ ^^J.TeLned antigen, (3) respo^^ 
variable region to ^^IJ^.^^^ ^f primary and secondary 

^netics over a time P^^^^^^f^ ^^i^, of a transgene- 
response development, (4) class ^^^^ ^^^^ 
encoded humoral immune respon ^^^^ ^.^an-sequence 

• .,nacity of transgenic animal to p 
; capacity o antigen, 
antibodies against a num 

copi.. of .u. that ecntain th. HCl 

Chain aeletion ^^^J^^^^ «th allale. of the 
transgene and contain disruption 

e„.„,ancus »ous. heavy cha^(am-J ^^^^ ^pp. ^ 

j5 hm.an mu and ga»"al heavy ^^^^ 

1,^ light Chains (S.B3) • ^„onic antigen by 

hyperin-nni-od against h-man """"^ ^^se ot 1.5 

'Seated in"-~^ri^ir T*" 

«rths. ^entaric ly^ nodes, and 

30 troB the spleen, ^"^^"f "^. . ^„^i„ed and total la* 
payers patches. The "^t^%y„,Hesized £ro» th. «<* 

;e::irr .ran Un-ion .ith th. following . 
used as a tempiaT:e i-u 
oligonucleotide primers: 

^5 • caa gga g^c tgt gcc gag gtg cag ctg 

149 5 '-eta get cga gtc caa gg 

(g/a/t/c)-3' „ac egg ttc-3' 

151 5'-ggc get cga gtt cca cga 
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These pri-ers specifically .»pUfy '^l"'.^';'"'^ 
„.s. The ,»pU«e. serenes were 
a„r=l=ned inM the vector pKM03. DNX sequence £ro» the 
i^er^ Of 23 r.Mo. clones is shewn in Pi,. 40; sequence 
. TiScns .rc. qer^lin. sequence are 

seouene. is identical to germline. Coi^arison ot the cDHA 
sSre= with the qer^Une sequence o. the VH251 transqene 
lals that 3 Of the clones are completely un^tatad while 
L other 20 clones contain soeatic mutations, one of the 3 
,0 r^utatea sequences is derived .c. ^of 
^oint Observed somatic mutations at speciric p 
Tc^-at lilar frequencies and in =^-1" "^^^^f 
patterns to those ohserved in hu^n ^^-P^^f*" 
,1„2) rvn. Med., m: 10". incorporated herein by 
reference,. The Lrall frequency of scatic »utat.ons xs 
ClaU however, the frequency ,oes up ^^^^^ 
wfthin CDRl, indicating selection for amino ""^^^^'^ 
affect artigen binding. This demonstrates antig«> driven 
affinity ^.Latlon of the hUBan heavy chain sequences. 

20 

EXAMPLE 21 

This example demonstrates the successful formation 
of a transgene by co-introduction of two separate 
polynucleotides which recombine to form a complete human light 
25 chain minilocus transgene. 

w., ^^^ j^^an.tAo r n^^^l^nniTirT PN?\ fragment s 

; imi,iM- r — fu;;ctlgna l-:z, ^«'n>^ ^^^^^^ 

30 " "^'^'^•^ ''^^'^ ^ ""'^ VK65.15 

. The V specific, oligonucleotide, oUgo-65 (5'-agg 

ttc agt ggc agt%gg tct ggg aca gac ttc act ^-l^^ ^^^^J^J^ 
3.) was used to probe a human placental genomic DNA library 
cloned into the phage vector XEMBL3/SP6/T7 (Clonetech 
cionea j.** r ^ , fragments containing 

35 Laboratories, Inc., Palo Alto, CA) . DNA rr ^ 

V segments from positive phage clones were subcloned into 

plasmTd vectors. Variable gene segments from ^^"^ 

Sones are sequenced, and clones that appear functional were 
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. . f„ -iudqin, functionality include: open 
..iectad. t!. acceptor and donor sec^-e., 

reading frames, intacr sp sequences of 4 

and intact reco^ination se.uen ^ DH.^^ ^^^^^^^ 

functional V, gene ^^^"^^ ^ ^^J', ;,,,es isolated by this 
i vk65.15) from 4 different plasmxd^ ^^^^^.^ ^^^^^^^ 

procedure are shoun .n '^^^^ .escribed" below. 
p65.3f, p65.5glr P65.8, ana p 

(1 a) p65.3f ;^one X65.3 was 

, 3 ^ "^rt Ja v'lr derived sail site was 
Cloned into pHClS so ^^^^^^ 

,,»i»l to tne - - -;raiX insert c. U>is done vas 

BanHI site 5'. Tlie j ^ 

subcloned Into p=Pl£ " generate p.5.3f. 

.5 

(1 b) p65.5gl clone X65.5 was 

, ,.3 ^ i-^^;:^^:::jr.sr.^^^ site is 

subcloned into pGPlf so that ^^^^^ ^^^^^^ 

proximal to the 5- end of the ^sert a 
20 sail site 3.. The resulting plasmxd 



(1 c) p65.8 clone X65.8 was 

A 6.5 kb Hindlll fragment of pnag 

cloned into pSP72 to generate p65.8. 

25 

(1 d) p65.l5f 3^ X65.16 was 

^ ,0 )cb EcoRl fragment ofj^ ^^^^ 

subcloned into pUClS to ^^^^^^^ ^^J:;^ J,^., to a 4.6 )cb 
,ene segment within the f pGPXf . The 
30 KcoKX/HindXXX J^^^^ and SalX sites 

resulting clone, p65.l5f, has un qu ^^^^^^ 
located at the respective 5- and 3 ends 

3, " ^ .he XhoX/SalX insert of p65.S was closed in^o the 
• " «.oX Site Of p65.X5f to generate the 1^^^^^^^^.. of 
«.oX/SalX insert of p65.5gl ^rr,",, ,,.3 was 

pKV2 to generate PKV3. The XhoX/ SalX 1 
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vhoT site of P65.3f to generate the plasmid 
cloned into the Xhol site of P xhoI/Sall insert 

This Plas.ia contains ^ ^ ^^^^^^^ ,,,,,3 
that includes 4 functional gene segn. 
insert can also be excised with Notl. 

5 

3. PKCIB 

p^,. X c.o„« v^. s.^lcne. into P^-^^J^^^^;;^^^^^^^ 

Klenow «>zyT.. «.d =loned xnto Hindlll dig 

, — <^ r,rpid A plasmid clone (pK Jx; 
treated, plasmid pGPld. a p ^diacent to the vector 

u 4.»,,.|. the 5' end of the insert is adjacent u 
such that the a enu « a 7.4 kb piece 

. ^ T ^i^a The second Xhol fragment, a v.'i j« f 
derived Clal sit- The s ^,,/salI-digested 

,5 of DNA site was destroyed by 

PSP72, such that the 1 resulting clone, 

ligation to the vector Sail site. Th upstream 
P3.2S, includes an insert ^ ^^^^^^^ in place 

Of ..1 and a ^^^i^^^^^^^ l^^en ..1 and ..2. T.is 

20 Of the naturally occurring Xhol site - fragment 

Clone was digested with Clal to release a 4 7^ 
Which was Cloned into Clal 5 human 

3. orientation to generate a plasmid containing " 

v,„™,T, intronic enhancer human C^, 4.5 Jcb or a 
segments, the J;"^;°^\^ 3. .eguence. This 

25 flanking sequence, and 9 kb of ^ ^^^^ ^^^^ 

plasmid, pKcor, includes unique flanking Xhol 
on the respective 5- and 3- sides of the insert. 

(3 b) pKcorB 4.,^„^-„ the human 3« kappa 

X 4 kb BamHI fragment containing the numan 

! >, that the 5- end is proximal to the vector Xbol 
pGPlf such that the 5 ena p 
site. The resulting plasmid, p24Bf , was c 
35 17.7 kb XhoI/SalX fragment ^l^^^^'^:^^ '^^^^^ p,,3mid, 
orientation as the enhancer fragment. The re y 
pKcorB, includes unique Xhol and Sail sites at the 5 and 
ends of the insert respectively. 
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" °' "'"L Xhol/S.11 insert o£ pKcorB was cloned into the 

si« « the U,ht-=hain ,inxlo=us- 

sell site oi p olasmid includes a single 

transgene P^--^^^""^ , segments, the huBan 

functional hUBan V. sa^ent, all 

r::""c:^'r-- . «ot. digestion. 



4. SSt± 



10 



20 



25 



30 



35 



t»o HctI inserts from plasBids pFV4 and pKClB 
.ere .i:ced at a concentration 

rrnt; r^U^rco-integrated. The 3. 3 . o. 
45) in wnicn the pKClB insert are 

the pKV4 insert and the 5 3 JCD represent 
identical. So» of the ever the 3 

...ologous t * lofu: Will diSct the 

icb of shared s«3iience. The co4 loc ^ 
expression of a repertoire of hu»an sequence light 
transgenic^use ^^^^^^^^ 

e^edi^ts Of the present invention has Pre=e.te^ for 

ptoses Of illustration and descrip lon^ » - 

:rrfr:i:reranrr rif ications and variations 

jun^ 1-n liaht of the above teaching, 
ere P=-^^^"^^f^,,„^ ^ p,,ent application, herein are 

incorporated hy reference to the sa,e e^t '^^^J^ 
individual publication or. patent application was sp 

bv way of illustration lor purposes of clarity of 

T f ndLa It Will " apparent that certain change, end 

understanding r it: vixx wo claims • 

^ications «ay be practiced within the scope of the dais, 
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WHAT IS CLAIMED IS: 

TPRNSGET "^ CLAIMS 



1 An isolated immunoglobulin heavy chain 
5 transgene that is expressed in B cells of a transgenic 

Tonhulan animal containing at least one i-grat^^^^^^^ a 
polynucleotide comprising a DNA sequence of the formula. 

(VH)K-(D)y-W.-<SD)m-(Cl)n-nT)-(SA)p-(C2).]q 
^° „ r, and a are integers and x is 2-100, 

t.:; ^:'.-;o:';i=t», . . .... , . o... ^ . 

is 6-id. 

' 2. A transgene of Claim 1, wherein said • 
polynucleotide comprises at least one heterologous D gene 
segment that can be incorporated into a functionally 
rearranged V-D-J sequence. 

3 A transgene of Claim 2, wherein said 
l^eterologou; D gene segment contains at least one human D 



20 

gene 



4 X transgBiie ot ClalB 1, wherein said 

25 polynucleotide co^rises a hu«an . C, gene segment and a h^an 
Cg gene segment. 

5 A transgene of Claim 1, wherein q is at least 

. is at least I, n is at least 1, and said P^^^^^^^^^^^^^ 
30 c»prises at least about 50 basepairs of a segment u««ediately 
. upstream of a germline switch sequence. 

6 A transgene of Claim 5, wherein said 
polynucleotide comprises about 200 basepairs of sequence 

35 immediately upstream of a human germline switch sequence. 

• 7. A transgene of Claim 1, wherein a segment is 
a 7i switch sequence. 
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8 A tr.n.ge„e of Clai. 1, "h-^i" "^'^ 

5 sequence. 

* ^i.-i™ i' wherein said D region 

9. A transgene of Claim 1, wnerex 

comprises only heterologous D genes. 

Claim 9. wherein said D region 

10. A transgene of Claxm a, 

comprises only human D genes. 

polynuoleotid. is ^-"°-"^^^™tnf al^o^i'"^!- D 
15 rearran,«i V-D-J gene segment that contains 

region gene sequence. 

12 A transgenic non-human animal comprising a 
„e rf'ciL 1 i! the germline of said non-human ani.a.. 

" 13. A transgenic non-human animal of Claim 12, 

Wherein said transgene is rearranged. 

14. A transgenic non-human animal of Claim 12, 
25 Wherein said transgene is unrearranged. 

15. A transgenic non-human animal of Clai. 1*. 
Wherein said B cells produce a heterologous antibody. 

16 K transgenic non-human animal of Claim 15, 
" Wherein sai^B cells produce a population of heterologous 
antibodies of more than one isotype. 

17. A transgenic non-human animal of Claim 12, 
• 35 Wherein said transgene encodes V,, 0, -d 0, regxons. 

18. A transgenic non-human animal of Claim 12 
Wherein said non-human animal is a rodent. 
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19. A transgenic non-human animal of Claim 12 
wnerein serum of said animal comprises human antibodies that 
contain a recognizable D region gene sequence. 

20. A transgenic non-human animal of Claim 12, 
Wherein at least one lymphocyte of said animal contains a mRNA 
encoding a heterologous immunoglobulin chaxn. 

21. A transgenic animal of claim 20, wherein said 
10 mRNA contains a recognizable D region gene sequence. 

22. A transgenic animal of claim 21, wherein said 
contains a functionally rearranged V-D-J sequence. 

■ 23. A transgenic animal of claim 12. wherein said 
. • 1 onrinrises heterologous antibodies which 

'z^sZ:^:: - .... ..ci«=.u, ... 

to an antigen. 

24. Atransgenicanimalof claim 23, further 
comprising heterologous antibodies which comprise a h^" 
sec^ence y chain and which specifically bind to an antigen. 

25. A transgenic animal of claim 24, wherein the 
25 antigen is a human antigen. 

25. A transgenic animal of claim 25, wherein the 
human antigen is CEA or a human blood cell antigen. 

27 A transgenic nonhuman animal comprising a human 
transgene of* claim 1, wherein the ^^-^^^^^ f "^^/^"^ 
comprises lymphoid tissue containing a population of mRHA 
:;:Ss hav^g somatic mutations clustered in CDK regions of a 
variable region encoded by an immunoglobulin transgene. 

28. A transgenic nonhuman animal of claim 27, 
wherein the immunoglobulin transgene is a heavy chain 
minilocus corresponding to HCl. 



30 



35 
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■ a 1-ransaeriic non-human B 

heterologous to said non-huBan animal. 

^ . ^ riaim 29 wherein the 

30. h hybridoB. of Claim containing 
heterologous antibody comprises . ^m.=n heavy chain 
a r.oognl«bl. D region gene sequence. 

of murine origin. 

^ ^^^■iyr, 5 9 wherein the monoclonal 
32. A hybridca of Claim 29 

antibody binds to a human antigen with an affinity 
,5 1 . 10' H-^^.^_ ^ ,,„,olcnal antibody produced by a 

hybridoma of claim 29. 

34 A transgenic non-human animal having serum 

• . Iltectable heterologous antibodies and having at 
20 comprising J i^unoglobulin locus, 

least one suppressed endogenous 

35 K method for producing heterologous 

. .lobuUns from a transgenic nonhuman animal, the anxmal 
iniaunoglobulins rrom ^-nies of at least one 

2S having a genome comprising germane cop.es of 
^ Claim L. the method comprising. 

an endogenous imMunoglobuUn lo«s; 
"Acting the animal with a preselscted antigen, 

3„ oollectm, said heterologous Immunoglobulins. 

• ■ 36. » method according to Claim 35, Wherein 
suppression is produced by an antlsense polynucleotide. 

37 A method according to Claim 36, wh«:.in the 

" antlsense polynucleotide is transcribed .rom an integrated 
antisense transgene. 
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J- - 4-« riaim 37, wherein 
33. . .ethod r^rc^^^^^ a transcript 

transcription of the antxsense transg p ^^^^^^ ^^^^^^^^ 
containing an antisense sequence Unked 

39 X method according to Claim 37, wherein the 

^ non-human nimat has a genome comprising germline cop.es o. at 
"one light Chain immunoglobulin transgene. 

40 A method for suppressing at least one 

40. A me«io transgenic non-human 

10 endogenous immunoglobulin locus xn a transge 

animal, comprising the steps of. ^ non-human 

inti-oducing an antisense transgene in 

« — — ^= -"-^ 

,3 rrrmn, .nUse„se ™. .r=» t-e antigens. 

transgene in XiSiS; ^..^onse RNA to a polynucleotide 

hybridizing the antisense RNA v i 

inhibiting expression of an en y 
20 immunoglobulin chain. 

41 A method of Claim 40, wherein said antisense 

41. A mex^wu homologous to 

42 A method of Claim 40, wherein said antisense 

42. A meiinou homologous to 
^.ontains a nucleotide sequence that is nomo y 

43. A .ethod lor inactivating an .ndogwous 

" l«„noglobuUn gen., "-P'^^^^"''"^^;^^^'."'; „ .ndcganou, 
integrating a targeting vector J>to 

i^^Clc.uUn^-;^^nd^ ceil faring an integrated targeting 

35 vector. 

44. A method according to Claim 43, further 
comprising the step of: 



PCr/US92/10983 

WO 93/12227 

.op, of t.. in«,.a.^ --'-^"^ 

,5 X nethod according to Clai. 43 »he«in the 

45. A . 5= a Light chain gene. 
5 endogenous i^unoglohuUn gene .s 

+.« rlaim 45, wherein the 

46. A method according to Claim 

v=,r,na liaht chain gene, 
light chain gene xs a kappa ligh 

riaim 43, wherein the 
A7 A method according to Claim 
10 47. A me „^ a heavy chain gene, 

endogenous immunoglobulin gene is a he vy 

maim 43, wherein the 
* r^i^ i^unoglo-Un 

„d„gen=us i».unoglobuUn gene « 

15 gene. 

riaim 44, Wherein the 
49. A method according to Claim 

non-human animal is a mouse. 

riaiJii 49, wherein the 

BOUse further comprises a num 
Claim 1. 

+.« riaim 43, wherein the 
51. A method according to Claim 4.., 

25 cell is an embryonic stem cell. 

52 A method of generating a .on-human animal 

having an ";ct^vated endogenous immunoglobulin gene, 
3, ^""^^^'"CeCa line of non-human animals generated by 

the methbd of claim. 44; and _ ^ ^^i^al offspring 

.e h:rr:rrirc:i:ated i».nog..un 
::r::i:aronrircrire:\^^^^^^ — - 
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54. A transgenic non-human animal with an 
inactivated endogenous immunoglobulin gene. 

55. A non-human animal of Claim 54, wherein an 
5 integrated targeting vector is present in germline DNA. 

56. A non-human animal of Claim 55, wherein a light 
chain immunoglobulin gene is inactivated. 

57. A non-human animal of Claim 55, wherein a heavy 
chain immunoglobulin gene is inactivated. 

58. A non-human animal of Claim 55 which is 
homozygous for at least one inactivated endogenous 

15 immunoglobulin gene. 

59. An antisense transgene comprising a nucleotide 
sequence that is complementary to a polynucleotide sequence 
that is substantially identical to an immunoglobulin gene 

20 sequence. 

60. A transgenic non-human animal bearing an 
antisense transgene of Claim 59. 

61. A transgenic non-human animal comprising a 
functionally disrupted endogenous heavy chain locus and a 
heterologous immunoglobulin heavy chain transgene, wherein 
said animal makes an antibody response following immunization 
with an antigen. 



25 



30 



62. A transgenic non-human animal of Claim 61, 
wherein said' functionally disrupted endogenous heavy chain 
locus is a Jh region homologous recombination toockout, said 
heterologous immunoglobulin heavy chain transgene is the HCl 

35 human minigene transgene, and said antigen is a human antigen. 

63. A transgenic non-human animal of Claim 61, 
wherein the antibody response comprises a population of 
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antibodies which comprise human , chain-containing 
Lunoglobulins and human . chain-containing i».unogIobul.ns. 

64. A transgenic non-human animal of Claim 63, 
wherei. the heterologous antibodies comprise a P^P^^^^^^ °^ 
heterologous immunoglobulins which comprise somatxc mutatxon 
in the variable tegions which cluster in the CDRs. 

65. A transgenic non-human animal of Claim 63, 
Wherein the antigen is selected from the "^^^^"^ °^ 
human blood cell surface antigens, KLH, and human CEA. 
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00333^ xiKK^ 
rasrrarft qckmot; ronoTOS OOTC^ 

^SSS euPhela^ 

atgaggtggt tttgc:ac=tt agtgaaaact cttgccaat 
<:tgct=ag=a a^-^atacaa ttaaaattca aagtaUtca acaattttgg 350 
ctcuctcaa agacagttgg tttgatcttg attacatgag tgcatttctg 400 

S^Sr oargLa^Lea IleTyiAspA laSerftsnAr 5^3^^ 
SSSgS ^^3IG3 OGIGGGTCT GQGM^ 

ySerGlySer 
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AGGGCGGCQ3 AGATCCia^ 50 

GCIGCaAGCr CAGCIOXS^ CCCMTIOT TTCGATGno: CTOCCAQCTG 100 

OGCIACmC CAGAGGCJCSI^SSCCT GGGTCRGAGC TCTGQGGAQS 150 



AACTGCrCAG TIRGGAOCCA TOGAAGCCXT AGCGCAGCTT 200 

M etGluAlaPr caAlaGI nLeu 

CTCnCCTr TQCmrCCTG GCrOOGgt gaggggaata tgaggtgtct 250 
LeuPheLeuL euLeuLeuTr pLeuThr 

ttgcacatca gtgaaaactc ctgccacctc tgctcagcaa gaaatataat 300 

taaaattcaa aatagatcaa caattttggc tctactcaaa gacagtgggt 350 

ttgattttga ttacatgagt gcatttctgt tttatttcca atttcagftlA 400 

COmSGRGA MnCTGTTG ACAC^^ ^ 
hrThiGlvGl uIleValLeu ThrGlnSerP roAlaThrlfi uSerifiuSer 
CXS^GGQGAAA GSGtXAlXCr CKJOXrAGS GOCRGTCRQG GrGIIRQCRG 500 
ProdyGluA rgftlalhrLe uSerCysArg AlaSerGlnG lyValSe ^ 

cncnmx: TOGnraoc MRAaccroG cgagqctooc AoacTcncA sso 

riVrLeuAla Ti£fSyxGlrG InLysProGl yGlnAlaPro Argle ulgul 
TCIMGaiQC ATOCWOQG QOCSiCTQGCA TC0C3OTaG GfTTCMSTOQC 600 
leTyrRspAl aSerAsnArg AlaThrGlyl leProAlaAr cf>heSerGly 
JiGIGOQCCTC GSOOCTT OOCTCAlX MC^QCaGCX: TAGAQCCTGA 650 
SerGlyProG lyOhrAspPh eThrLeuThr IleSerSerL euGltgoQ 

joTOTTA GrmriAcr GicRGoms tagca20QS carcctacso 

uAspPheAla Val TvrTvrC ysG lnGlnAr gSerAsnTrp His 
RrhnrrATA 'TY?^p|&raAaa afrtr aaCAA GROCaiCRGr GmsOAGA 

TTarrmoc AGCTOcrrcx: ttercagaca ociRGrGSGG tggccrctca 

GimaQaff Onracm TTTOQCrATT 850 
TOCAAAAm OTATSnAG ICTTTQCM CATAOSffilT CAGrGTGGCT 900 
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AAACACMTC TCIGCAGO. AMTTGAGCT ACdTGATCT TACXTGGACA 50 

QSTOGGGACA CTGAGCTQGT QCTGAGmC TCAGATGCGC craCTCCA 100 

GCTCIQCCCA GCCTGOrCA TCOCCTGCTC MTTQCaTGr TOXAGAGa 150 

CJiACCICCTG CCCTC3AGCC hTATTAATtz ^ GCTGGTCaa CTTIGrGCaG 200 



GaMXTOO: OO^QGAC JOGCR^^ 250 

MstAs pMstArgVal iBuAlaGlnL 

laClGSGGCT OOnnGCTC TUl'l'lliCCPG gtaaggatgg agaacactag 300 
euLeuGlyLe. uLeuLeuLeu CysPhePro 

cagtttactc agcccagggt gctcagtact gctttactat tcagggaaat 350 

tctcttacaa.catgattaat tgtgtggaca tttgttttta tgtttccaat 400 

c±cagGrGDC AGATGIXaCA TOSGATCaC CCaGTCTCCA TCCTC^CI?:^! 450 
GlyAla ArgCysAspI leGlnMetTh rGlnSerPro SerSerLeuS 

C'la a TCTGT AQoRGacaGA GicsocaTCA CTOOQGQC Qysinmjr 500 
erAlaSei57a IdyAspArg ValThrlleT hrCysArg?il aSerGInGly 
AITftQCaGCT GGITRQCX3G GEOCaQCS^ AAACCRSiGA AAGCOOCIAA 550 
IleSerSerT rpLeuAlaTr pTyrGlnGln LysProGluL ysAlaProLy 
Gira:TGftTC TMCTTAT OSmrOS^ AA^^ 600 
sSerLeuIle TyrAlaAlaS erSerLeuGl nSerdyVal ProSerArcp 
TOmJ^O^ TOGATCraOS AOOTim 650 
heSerGlySe cGlySerGly ThrAspPheT hrLeuIhrll eSerSerLeu 
QGOCHaAG ATTTTQCSW: TTATI30GC CAACAGIAIA AIAGmCCC 700 
Gli groGluA spPheAlalh rT VrTvrCys G lndnTyrA. snSerTyrPr 
anrharafTTTt HACACRCir aahraTnaar r^TramnaA GC30iIGrGr 750 
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amnms: TGOOTAQCT GCTCinnG AT^^ 800 
TGrrqCTCAG ATCCAGOCAC ACrCrGATGG TGTTGGIAGA TGGGGAC 847 
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